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1 
Decompmsi tion of litter' is one of the most 

important phenomenon in the ecosystems. The biological 

degradation of the plant litter represents one of the 

essential links in the natural process of carbon 

circulation (Vladimir, 1970). 

The role of microorganisms in the decomposition of 

plant material is of immense importance. The microbes are 

primarily responsible for the release of various nutrients 

locked up in the plant tissue ~hict in turn are utilized 

by other organisms. The cyclin~ of minerals in an 

environment is to a great extent influenced by the microbial 

activities of the region. Obviously, any influence in the 

normal functioning of the microbes during decomposition 

pro ceases will effect the cycling of the c:1ine rals. 

The increased interest in the fole of microor~nisms 

in nutrient and enerGY flou relationships in natural as 

v~ell as man-manipula. ted environments has emphasized the need 

of litter decomposition studies.ln the process of litter 

decomposition microbial attack is the most important and the 

process becomes further complicated since large variety of 

microorganisms are involved. To understand this complex 

phenomenon·of deconposition of plant litter it is logically 

imrortant to evaluate the role of the most important groups 

of organisms, their succession and their natural influence. 

In north-eastern part of the country vrhere the 

climatic fluctuations are extreme, the studies relating to 

role of microor~anisms in the decomposition oi' litter in 

the forest, release of nutrients and phytotoxins during 

decomposition and the effect of latter on soil microflora 



2 
are ef auch importance. 

The successive coloaization of pine leaf litter 

by fuD«i in relation t0 various environme:atal factors is 

little uaderstood. Very little iaformation is available 

at present about the role of yeast, bacteria aad 

actinomycetes in pine litter decomposition fer which the 

present investicatio• was undertaken. Pinus kesiya Royle 

ex-Gplrdon was selected 'because of its economic uverta:ace"­

and wide coverage i:a the re~ion. The plants also produce 

abundant litter which are added to the seil after the leaf 

t'all and this contributes significantly in. the cycli11g of 

the autrients. Moreover, presence ef some acids that occur 

im pine needles (Freedi et al, 1975) may play a dominant 

role ia litter decomposition u11der natural condition. 

The present iavestication was undertaken with a 

view to uaderstand the "ecosystem function of Pine forest 

of Mechalaya •• and tb.e i:m.vestiga tio11. was carried out i:a a 

reserve piae t'orest maintaiaed by Gevernmeat of Mechalaya 

adjaceat to Shillong. ~he detail description of the 

experimental site is ~ivem below : 

Description of the experimental site :-

Geecraphical lecatioD : The study area as Bhow:a 

ia the map is named as "Riatkhwan. reserve forest" is about 

15 km from Shillong city (Latitude 25°34' Nand longitude 

92°47' E) on the western side ef Gauhati-Shillong road. The 

area has an altitude range of 950 m to 1280 m MSL. Khasi 

pine (Pinus kesiya Royle ex-Gordon) plantations raised by 

the l'~!echalaya Govern.memt is the ·tdlain vegetation of this 

area. The deminant pine vecetation is associated with 
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3 
certain weeds. It eccupies a narrow zone just above the 

Harapami lake. The slope of these niLls is adJacent to 

Umiam river as •hewn ia the map (2). The study area is 

divided in~o several compar~ments and ~he present work 

was carrien out in the compartment numbers 2,3 and 4 as 

shown in the ~ap(2). uompartment number ~ consists of the 

~lant species sown in the year 1961 on an altitude of 

950 m MSL.uompartment number 3 at aa altitude of 1190 m 

MSL consists of pine plantation also ef the same age. 

Compartment number 4 consists of three pine plantatioas 

of the year 19?5, 1965 and 1970 ~t aa altitude of 1250 m 

MSL, 1200 m MS~ and 1280 a MSL respectively. 

Pnysiographically, the area represemts a remnant 

of an ancient ,lateau af Pre-cambrian India peninsular 

shield block uplifted to its present hei«ht. The Kermel of 

the_plateau is the exposed Archaeaa gneisses and 'hyllites 

intruded later by younger granites and basic/ultrabasic 

suites. This ancient surface of the plateau is still 

preser~ed with marks Of different cycles of denudation. 

It is hidden Deneath the Mesozoic traps along the central 

Southern fringe and Cretaceous Tertiary and post Tertiary 

sediments. The present physiographic configuration of the 

plateau was attained through different geological events 

since Mesozoic to present day as indicated 9y the polycJclic 

er6siQnal surface at various levels. 

The: Shillong plateau is a horst which has been 

block uplifted since zurassic times to its present height 

Gf 610 to 1544 m above M.S.L. and its tactonic history 

begins with the effusion of plateau basalts ~Sylhet traps) 



through fractures and faults in the basement and uplift 

a~d subsidence of adjacent basement blocks. These were 

followed by upper Cret~ceous Tertiary sedimentation into 

the relatively down thrown portions along faults. The 

tactoaic force has been vertically dominated and controlled 

by differential movements along these basements fractures. 

Vegetation :- A list of the plants includiBg undergrewths 

present in the area of study is detailed below. The plants 

were almost the same for all the plantations studied. 

Trees : 

Herbs : 

- .... 

Shrubs 

Pinus kesiya Royle * ex Gordon 

Schima wallichii 

Eupatorium adenophorum* 

Pouzolzia zey~anica 

Urena lobata 

Oxalis corn~culata 

Oxalis corymbosa 

Frageria indica 

Rubus §.liP t i cus 

Commelina beng~ensis 

Oldenlandia burmanniana 

Hedychium coronarium 

Erigeron linifolius 

Beute2aria s±~oler 

Anemone rivularis* 

Hypochaeris radicata 

Lan.t ana camara 

Desmodium triflorium 

Osbekia crinata 



Grasses 

5 

Setaria glauca* 

Capil~ipedium assimile* 

lilperata _ ·crlindrica* 

Paspalum dilatatum* 

Digitaria adscende&s* 

Saccharum officinalis 

Eriantnus sps. 

Poa annua 

* Indicates d~minaat plaits. 

Environmeatal comdition :- The region experieaces a 

tropical monsoonic climate, the summer temperature 

recordiag as high as 28°C and the mean winter temperature 

fallimg down to 6°C with periodic fluctuations below the 

freezing point, marked by appearance of grouBd frost at 

night and moraing~ The average annual rainfall of the 

state is around 205 mm. The periodic climatic data is 

represented in the Fig.13. 
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6 
oae ot the aoet atrikiag feawree of the soil 

Ddcroflora is the 41.,..ra1t7• .AotinOJQ'cetea, tuJlgt.. aDd 'bacteria, 

beloaci:rac to i:nnuaerable ce:aera aDd species, caB lte foUDd i:a 

alaost a-r soil saaple. !he relative proportions ot the 

di tterent groups are intluenced to eoae extent b7 the 

enTirouent. 

!be geography and ecology of soil aicroorgaDiaas have 

not been wll studied Ulltil recentl7. !he pauci ti7 of research 

ia eTideBt in a tlmdaaental aonograph b7 Alexander (1971 ). 

!he au thor could find ver.y 11111 ted iatoraation on the 

subject. However, the,atteapt of a number ot scientists to 

ascertain patter!l8 ot distribution of soil aicroorgani .. a 

ended in failure. Inspite ot the exciting developaent of 

llicrobiology in the last 100 years, there 11117 be little doubt 

that our UDderstanding of aicrobial life i:a coaplex aatural 

enviroData, particularlJ' ia soil, is far fr• being baae4 

on principles of this art of science. Jlicro\iolog1 cal 

studies have 'been carried out aain~ 111 th pure aa.l'W.re under 

well defined conditioaa, and aany aicrobiologists dislike 

coaplex Datural environaent. However, natural enTirolUient 

such aa soil oftera great challenge to aicrobiolostats 

enquiriq in ita dynaaic features. 

ID contrast with pure cu.ltures, ia which attention has 

bee!l focussed aainlJ on the chemical coaposition of their 

aedia, the phJ'aioal. condi tiona of the enviro:aaent play 

proainent role in the case of soil .toroorg.anisaa. Soil ia a 

heterogeneous' discora:tinuoua envirOJlllent am is doaiD&ted bJ 

a solid phase varying in aiae troa leas than 0.2 - to 

greater than 2 ma. !his discontinuity &Dd variability in 
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particle aise ma7 re~alt in a coapoaite ot eDDaer&ble .. all 

aicrobial coaanBitiea, each circumscribed b7 ita own 

i .. ediate envirouaent, aa .suggested bJ StotzkJ (1974). 

Soil is essentially a colloid dispersed syatea. !he 

colloid size particles pl$J an iaportant role in deteraining 

the physical or phJaico-cheaical properties ot aicrobial 

environaent in soil. !he aoat importaat cbaracteriatic ot a 

colloidal •ystea can be ascribed to the tact that the ratio 

ot aurtaoe area to voluae ot the particle is extreaely large. 

Soil particles are divided iato T&rioas traotiou as shoo 

below ' 

I ' ' I I ' • ' • Stones I cn&vel • Course eaDd ' Pine sand ' Silt Clay t ' • i t • J t J I I I 

~ 

20.0 2.0 0.2 0.02 0.002 -· 

!he relative proportions ot each ot ~eae aise tractions in 

auy oae aoil are defiaed as the soil texture. Soil colloid 

particles which are reactive consist chietlJ ot cl&J 

ai•rals, Clay ai•rals are constituted ot diati:act17 

crystalline ainerala whiCh are coapoeed ot unit ot aluaiDia 

aDd silica. Moat cla7 ainerala are platelike in character. 

!heir electron micrographs show that Kaolin! te has sharp am 

well defined edges and aontaorillonite baa structures 

rangiq froa an aaorphoua appeari~~g -terial to extreaely 

thin plates. !he clay lattice carries ~ aet negative charge 

as a result o:t isoaorphoua su.bati tutiou ot certain 

electropositive ions b7 such cations ot lover valence. 

Oouequentl.7, the flat layer (tace) surface ot a cl&7 

particle has a constant negative Charge. Colloidal parti~lea 
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of clay are usually charged negatiYely. !o balance the 

ae,atiYe charce, the particle• teDd to absorb couater tone 

(catiou), which are governed b7 J1UU17 factors. The aoat 

iaportant factors are type of catione and the cl_, particle. 

According to Stotsky!! ~ (1966) reapiratioB of Yarioua 

bacteria can be stiaulated b7 montmorillonite aDd also 

although to a lesaer extent 'b7 Kaolinite, which 118¥ prillar117 

be the result ot clqs aaiataiDiDg the pH of the enYi:roueat 

at leYels saitable for microbial life. Stotzty (1974) 

emphasised that a sinsle. environmental factor, such as the 

t7pe of clay minerala, Vill greatl7 iatluence microbial life 

in soil. OQtstandiag examples of auch influence·are the 

correlation between the rapid spread of lB•&riua OIJapo£11. 

l• es)ence an4 Biatoplal-, capaglatga in certain soils. 

Clay particles also pla.,y iaportant role in the au.rviY&l of 

bacteria in soil. Doaaerguea (1964) thowed a protective 

effect of a clayon&urviYal of 4zotobagter rtulgdii, 

A· chroococgua and Beijerinckia 11Sica at low huaidity was 

aarkedly enhanced by addition of Kaolin! te. Stotst,y .li ·!1 

(1966) showed that aicrobial actiYity ia depreased at a 

~·~ salt concentration, but the depression ia lesaened 

by addition ot montmorillonite. 

One ot the essential characteristics ot eoil 

microhabitat is its discreteness, the chemical, phTaical 

aDd biological characteristics of tbe aicrohabitat dit~er 

widely trom point to point or froa tiae to tiae. !he pb.ya~l 

constitution ot a aoil material is 4etermined b;y the size, 

shape and arange•nt of the solid particles. fhe aize aDl 

distribution of pores in soil are aaong the moat iaportant 



factors deter~in~n6 microbial life,since micro-

organ~sms live excl:oLsively in pore space, and 

re-cention of "rater L1dis:pensa.ble to micr,)biaJ.. li~e 

is closely relate~ to the size of eac~ pore. 

The concept uf capillary pore as the most 

favourable nicrohabitat of soil bacteria is also 

supported by several observers.~eifert (1965) observed 

tna t ni trif~c~_tior. v;2..s stil:iUlatPc_ by increase of 1>J2..ter 

content until PF 2.7 and further increase of water 

content did not result in stimulation of the c-.:.ctivity. 

Tanaka et al (1972) shoi·iPci that t~1e mr:ber of bacteria 

increased proportionally to water content of soil until 

it attained a critical value \·Jhich r;~ac specific to eB ch 

soil. \Hth a ·lars-er amount of 1\Tater than 'the value, the 

nUJ!lber was not affectPd d2..stingtly by 1;ater content. 

\:~.hen large nonca~L! .. lary pores arc saturated 1-rith 1,rater, 

oxyt:!;en diffusion into soL'_ aggregate may become very 

c'_i::ficul t; consequently bacterial activity and 5routh 

may be markedly depressed . .:3oluble substancrs in lart;e 

pores may be eluted by rain or irrggation; thus nutrients 

indispensable for bacterial gro•·Tth iuay be apt to be 

wanting. 1~oncapillary pores iJrobably lareF>r than 6 rnrn, 

oay not be as fc-~vo-u.-:::-able microl1abitat as ca_:_Jillar::;r 

Pores 
- ' even if water is sufficiently supplied. 

Several studi<'S hav8 bPen carried out in diffe-

rent .:_Jarts o:f tn""' vrorld to correlate:: biolo'--,ical activi-

tie E) of soil to their fe tili ty status. 4-'IlO:ng them the 

iuportant ones are : total microbialcounts, rates of 

ni trlfic:;.tion, ammonifi cc::. tion, cellulose decompo2 i tion 

and i.an Lvid ual enzyme activities, such 
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as urease invertase and U1'lase. All these paraaeterc-bave 

' their own dravbaclta aid noae of thea alone predicts the 

overall biolosical activity. The plate o~ts siTe the 

estiaatioa of ai crobial population which is again depeDdeat 

on the trpe ot aediua used. !he biochellical aJd eaqaic 

aethoda aeasure oD17 certain aetabolic capacities of 

selected groups of aicroorsaniama. These drawbacks ~·• the 

workers to turn to the aethoda like carbon-dioxide evol.ution, 

oxysen uptake and clehJdrogenase aot1Tity. DebJdrogeaase 

activity aeasures the net effect of nu.erous ensyaic processes 

taking place in the soil. It is reg&l'ded as beiDg aore 

depenclent on the geural aetabolio status of the soil 

aicroflora than tbe activit, _, apedlfic ce1l rree en.vaea 

act1Dg upon certain substrates. Deteraiaatioa of deh7drogenaae 

activities has, therefore, been used llince 1956 when Lenhard. 

introduced the method with triphenyltetrasoliua Chloride 

(!!0) aa aa artitieial Q1drogen aad eleatron acceptor. 

Bate of carDon dioxide evolution froa forest soil 

reflects the aetabolic act1v1't7 of the biota, includiDg live 

roots aDd organisas responsible f'or 4ecoapos1t1on. One of 

the paraaeters indireotlJ atfeoting the forest pJOduotivity 

is the clecoaposition of organic aatter ~m the forest floor 

aDd in soil. fhe ensyaatic breakdown of organic .atter 01 

litter aDd eoi~ organisaa, mostly •O'Mtr:l&'"&Dd fa.DC1, 

ulti.ately releasee the uutrieat eleaenta whiCh a&7 thea ~• 

.takea up bJ plant roots aDd are recycled. Carbon 4ioz14e 

(co2), which is conooaitently released with uutrient eleaeata 

durina 4ecoapoa1tion, .., be aoDitorecl a• an 1Ddieat1on 

o'L Jliaerallsation ratea ('11 tkaap, 1971 ). Aa the cliaatic 

fluctuations ill thia north ea•tern part ot the co'Wltl7 are 
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Yer.J aigDifieant, it vas felt neceaaar,y to iDYestigate 

these two methods aiau~taneoualJ ~o compare waich aethoda 

wo~d be aore appropriate to asaeaa the biological 

activit7 of the acidic soil of this region. 

Soil microbiology has engaged the attention of 

seYeral researchers, but the ecological factors conrni.DB 

the distribution of so11 aicroDe baYe been studied b7 a few 

modern workers. DiatriDution of soi~ microbes in different 

seasons of the year and the effect of the Yarioue factors, 

cliaatological and edaphie governing their diatribution ha.e 

not received adequate attention b7 the soi~ microbiologists 

ot this countey. 

With the existing kdov~edce it vas not possible to 

underst&Dd the nature and activities ot the soil aicrobea 

of this region in different seasons. 

fhe ecology of soil microorganisaa is auch aore 

dif:ticult in the sense that the •thode of study are aueb. 

more ~abour-eonsuming thea the ecology of higher plants. 

Hence the present work vniCh is first of ita kiDd 1D this 

region, was undertaken 1fi t.tl a view to und.erataDd the Dature 

aDd activities of the soil microDea of ~he piae fores~ soi~ 

aDd their role in 11tter decaapoa1t6on. 



'**********************************' 
•·...... '....... . . . . . . ·• 

• 0 

* • t RBVIBV OJ' LIDRA!UD t . ' 
:**********************************' 



12 
poil lli.crof1ora - Vaksll&IL ( 1952) indica,.ed, .... one .... 
varioas fac~ors whiCh intlueace vhe abUD4aace of aicroorgaDiaas 

in the soi~, the ~o•~ important are organic aatter, aoi~ 

reaction, aoisture, t•perature, aerat1on aDd nature of crop 

groVD.. !he clistribution of aicroorp!lieaa iD the ao:l~ is, 

therefore, coatrolled bJ nuaerous ecological factors, 

coaprisiug cliaatic or atmospheric, edaphic or soil, aDd 

biotic or living. 

Succeastal att .. pts to describe the ecology of aoil 

fungi in relation to higher plants have beea aa.de by the 

studies of !resner Ji _. (1954)' on a forest continua aDd by 

Orpurt and Curtis (1957) on Praire continua of Wiacona1n. 

Sakeena ( 1955) and Varcup ( 1957) found a aarked 

decrease in viable propagules of soil in summer, subjected 

to extreae desication at that tiae of the rear. !he toraer, 

further, observed that aoisture, as a rule, vas favourable 

tor the growth of tungt. as long as there waa no water 

logging. Xluyyer J1 11 (1956) studied the distribution of 

aiorooraa••• in soil and described that the coaaopolitaa 

distribution of aicroorgazdaa does aot aean that they occur 

ever.ywhere ia large numbers. !heir active reproduction is 

favoured DJ certain conditions onlJ. It aeeaa that in 

different soil• t,ypes, varying groupe of aicroorg&DiSB8 

predominate. Englamd and Rice ( 1957), while aalting a 

coaparative stud7 of soil fungi of a tall sraaa Prairie with 

that of an abando!led field in ceatral lklahoaa, observed 

that alth~ a few species appeared With high fre~encr 

throughout the year, aoat species were of eeaaon&l or 

aporad1c D&ture. It aeane that species coaposition ot each 
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plot chaagea ~raa season to aeaaon aDd to a lesser degree 

froa aonth to month. 

Ordin (1958) studied the influence ot vegetation on 

the aicroflora of soils and concluded that different types 

of soil harbour different doaiDant fuagal species. Ivaraon 

aad Katzneleon (1960), while workimg on the rhizoaphere 

aiorotlora of 7ellow birch aeedlinga, noted that there waa 

a pronounced rhisosphere effect oa the bacterial population 

while other groups like actinoaycetes aD4 fUngi were leas 

affected. 

!he soil fungi of Conifer hartwood forests were 

studied by Christensen ( 1960) ia Viaconeia and he concluded 

that species coaposition of the soil aiorofungal oo..unttiea 

was correlated w1 th the species coaposition of the cOYer 

vegetatioa. 

Parkinson &Jld Kendrick ( 1960) investip ted soil 

microhabitat in relation to soil fungi aD4 opined that the 

condi tiou p~vaillD« in verr aaall spaces in soil Will have 

a decisive i:afluence on growth aad reproduction of soil 

tuDgi. 

!he affect of geograph7 on the distribution of 

microscopic 1fUDgi in soil has been coaaidered in a number 

of atudies. ~oae points relatiag to the distribution of 

aicroscopic fUngi in soil have been generall7 recognised. 

During the studies of soils of d~fferent sones of USSR a 

conaiderable aaount of information on tmngal ecology waa 

collected by Miahuatin J1 Al, (1960). An analJais of their 

results allows 'lor the eatablishllent of a DUilber ~o~B!fl~';!. 

!hue in soils 
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abUDdaace of fungi of the genera Ptnicilligl 8Dd BBoor 
increaaea. hrtber, to the aouth zonea, fungi of the gerw.a 

Penicilltwl are replaced by the funsi of the gerw.e 

Aapercillus. It allo'ill4 be noted that the relative abundance 

of MR•nQll,ug not infrequently increaaes in alkali aoil 

located in the chermozea zone. MQcor strains tha~ prefer 

organic nitrogen are coamon in the upper ~ere of virgin 

soil containing •any nondecoapoaed plaat residues. llcor 
£111Di•DM• is foUDd only in forest aoila. Repreaeatativea 

ot the senus Choanephora occur onlY in Sieroseas. In etile 

with leas intensive biochemical ch&Qges, the biochemically 

lese active repreaentatives of the genus Penic1lliua 

predominate. In sails with less faToarable conditione, aay, 

in alkaline, saline and desert soil.a, tunci o'f the 

monoverticullata section dominate. The section biverticullata 

is chiefly largely represented in forest soils. The section 

&&Jmetricullata ia widely distributed in aoat parts of 

cultiTated soils. Representatives of the geDaa lu•ariua are 

concentrated 1n soils coTerecl by grass vegetation. Forest 

soils are practicall7 free froa these fungi. !b.ua it ca.». 

be concluded that the composition of different funli 

un4ersoea different regrouping in different eoil t,rpes. 

Wright and :Bollen ( 1961} while worldDg on llicroflora 

ot Douglass fir forest aoil, observed that there was 

extensive aontb]Jr fluctuation in:~nwaber of aioroorganiaas 

and the latter great~ iDcreaaed during the rainy periods 

and decreaaed during ~lreupt. 

fyeplyakova (1961), studied the Tertical zoaatioa ot 

the eoil llicrofl.ora of Ala !awaountains of Kasakhatan, 'the 
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nuaber of pigmented actiaoayoetes de!reaaea aa the altitude 

of soils above the sea level iacreaaea. fhua .A.ctinovc!t'. · 

fuaoaee, !·actinoidet often occur in mountain meadow aoils, 

while they are largely absent troa Sierozeas. Some apeciea 

of actinomJcetee, such as A· globisporpl and &· sti•!US 

occur in all tJpes of soil. 

Ohriatenaen!! a1 (1962) studied the soil •icrofungi 

ot West aesic forest in Southern Wisconsin and observed that 

there existed qualitative and qQantitative difference in 

speoiea composition aaong the stand, particularly between the 

two st&Dds repreaentlng extremes in vegetational composition. 

Williams (1963) studied the distribution of fungi in 

the horizons of a podzolized soil and conclwtecl that even 

under an apparently unifora plant cover COB81derable variations 

in the microbial population are observed. 

Griffin (1963) reviewed the ettect of soil aoiature 

on soil fungal population aad concluded that nearl.7 all 

fungi will be able to exert the neceas&rJ force to absorb 

water and to grow·without impediment even in drier soils. 

However, ia soils drier than permanent willing point, tbia 

ability Will be different for different fungal speciea. 

Further, aoisture content, texture and. structure, which 

affect soil aeration, have significant influence on hncal 

activity. Soil aic:ro:tungi of open bogs and OoDifer svaapa in 

Wisconsin were atudied by Christensen and Whi ttingbaa ( 1965 ). 

Soil f~ froa three areas representing successional atase• 
in bottoal&Dd forest vegetation in Oentral Oklahaaa were 

compared throughout the 7ear at two aon~ interval b7 Mallik 

and Rice (1966). !he numbers of accoapaD.7i118 bacteria u.d 
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aotinomJcetes were also determined. Tbe7 foUDd a good 

correlation between soil fungi and three successional 

forest communities. The number of fungal species W88 low 

in the pioneer area aDd sU:ShtlT higher in the tranaiti.oaal 

area tban in the clliau. &pparentl.7 the: · · ~uiaua a\Dlber of 

fungal species attained during succession is reached before 

the cltaax stage. 

Saito (1966) studied the soil aotina.ycetes and 

obserTed that actinomycetea •aJ increaee briefly when freah 

organic aatter is added to the aoil, as at leaf fall or 

when crop reaiduea or farmyard manure are ploughed in. 

However, they often colonize new •*bstrates slower than 

bacteria and tung.L. 

Seasonal tluctua tion t.i Duabe~·; of soil aicroorganisaa 

in different cliaatic zones of the USSR waa reported b7 

Hishuatin (1966). Por obvioue reasons, the number of non-spore 

foraing bacteria showed tae createst variation during the 

course of a season. The population fluctuations among the 

laacilli were lese aarked. Different geographic and edapbic 

factors appreciably affected the number of actinoarcetes and 

microscopic funci· It is clear froa this report that soils 

ot Southern Iones of USSR are the richest in lllicroorgani8Dls. 

!he aoae.hat high cuunt in the virgin soils ot the extreae 

north can be linked to the accumulation on the surface of 

these soils of partiallJ decomposed plant residues, which in 

the waza periods ot the year fora a goOd substrate for 

microorganisms. In a still aore southern zone, the nuaber of 

fungi decreases. Due to increasing competition of bacteria 

and actino~cetes with the fungi, the number of the latter 



17 
decreases in the soils, speoiall7 thoae characterized b7 

neutral reactions. 

Mishra ( 1966) studied the seasonal Tariation in 

fungal flora of graaslancls of Varanui (India) and recorded 

a seasonal effect d the prevalence of d1 ffereat t.angal 

species. He further obserYecl (1967) a good correlation 

between soil fungal population and temperature aDd moisture 

content. 

Soil is a poor medium tor microbial growth and the 

high organic aatter has a large effect on the aumber of 

a1 croorgani• s. Rayaawu.i .!! .IJ; ( 1967) establiahecl a 

correlation between orsanic aatter cantent and number of 

actinoayoetes in soils fraa South India. 

Soil types of some aountain ranges in the Caucasus 

and Middle Asia were studied by Mishuatin 884 Mirsoyeva (1968). 

!hey found that the effect of altitudinal zonal.i ty on the 

coapoeition of soil microflora is the same as that of 

latitudinal; ·,zonality. Higher i\\ the mountains, where the 

average annual soil teaperature is lover,. both the 11.umber of 

bacteria and the percentage of Baci~li aDd actino.,oetes 

decreases. Some soil types have different profiles and 

distribution of organic .atter. !hese differences atfect the 

microbiological profile of dittereat soils. 

During the i:avestigatiozu, of the effect of ftriou.s 

preceding crops on the soil ~ngus flora in wheat fields, 

Doaach !1 Jl (1968) obtained sufficient data to draw seneral 

conclusions about the distribution of certain. species in the 

soil. Domsch and Game (1969) atudied the variability am 

potentiality of a soil tungus population to decompose pectin 
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X7lan and Carbox,aethJl cellulose to 4eteraine the abilit,r 

of certain soil tungi to degrade different substrate. 

Christensen (1969) studied the soil aicrotungi of 

dry to aesic Conifer hardwood forest in Borthera Wisconsin. 

His fintinga confirmed the hypothesis that species coaposition 

in soil aicrotungal comaunities is correlated with vegetation. 

Gr8J (1969) studied the numerical taxono., of soil bacteria 

in pine forest soil and evaluated the importance of such 

studiea for identification. 

Apart from the ~feet of cliaate and vegetation on 

soil aicroflora it has been show.n by Mai (1970) that the 

transforaation of organic aDd aiaeral substances is always 

accompanied by microbial succession. Hence 1 t can 8e 

concluded that organic aatter transformation in the soil aust 

promote the developaent of different microbial associations. 

Apart troa the geographic factors, each zone is certainly 

defined by its environmental conditions, Davies and Williams 

(1970) attempted to correlate the distribution of actino.rcetes 

population as a whole and also of individual isolates to 

various environaental factors in a developing podsol. !hey 

studi~ the quantitative and qualitative nature of actinoaJcetes 

population in the mineral horizons. Prom their results, depth, 

pH aDd moisture levels of the soil appeared to exert var.yiDg 

infiuence on different isolates. Horizona could not be aharpl7 

defined by the actinomycetea flora. During last centur,r since 

actino.,cetes were diacove~ed they bave shown to be an 

important producer of antibiotics, yet thei~ study has barelY 

advanced beyond the stage of enumeration and identification. 

Much remaiDS to be discovered ot their ecology, interrelatftons 
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with other organisms and impor*ance in the degradation of 

soil organic matter. !here are few comparisons of the 

actinom7cetes populations of different soil types. 

In India no work has been done on the ecology of 

soil actinomTcetes in acidic soil like that of pine forest 

soil. Actinomycete& usually prefer neutral or slightly 

alkaline soil; few are able to grow in soils more ao141o 

than pH 5. Williams .!! !l ( 1971) reported a group of 

StreptomYces sp isolated froa acid soils that could grow 

in culture at pH 3.5 - 5.5, spore chains with.:sia:Llar 

morphology grew on pine needle frapents in the aci• litter 

layer. 

Sriv-astava and Mishra (1971) in their studies into 

rhizoaphere microflora of certain medicinal plants, oDserved 

that the total free amino acids in root has a direct 

correlation with the quantity of rhizoaphere aicroflora. 

Mishra ADd-~xanaujia (1973 a) investigated rhizosphere 

mycoflora of certain gymnosperms in relation to different 

seasons and observed that fungal population ia different 

gymnoepera; plants vas different. !hey also observed a good 

correlation between aaino acid contents of the root of 

Aur9caria ape,ies aDd nWilber of tungi present on the root. 

!he7 ( 1973 b) further studied the distribution of soil:?fungi 

in relation to cover vegetation and pb7aicochemical oharactera 

of the soil collected froa different places of Korth India 

and observed that fungal population was geDerally hi@her in 

cultivated fields and nature and duration of cropping affected 

the population. It was also suggested that moistuze content, 

organic aatter content, aDd pB of the soil affected fungal 

flora. 
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VlicklO"\'l and \ihi -ctingham ( 1 97 4) investigated 

fungal •population inhabitin.:; the organic and ninera­

lized soil he-eizons, and evaluated the effect of 

c~tastrophic ve5etatione.l disturbances on their species 

co1D.DOPi tion in selectel1 upland forests in ... ~orthern 

Wisconsin. :Saker (197L-) investigated the ""licrobiolO<SY of 

the soils of 3ubalpin'3 heath, a palsa peair :and tv;o iron 

poozols in Utsjoki. 

In India joysheela and Oblisami (1975) reported 

~he prevalence of rhizosphere microflora o: certain 

medicinal. !Jllants and emphasized on plant :1icrobe inter­

relationshi?S· Gray (1976) studied the survival of 

vegetative structures of microbes in soil and stressed 

on the nature of environment on the survival of the 

microbes. 

Dehy9..£.Q.genase activities and Carbon dioxide evolution-

Level of dehydrogenase activity in soils is con­

sid,~red to ~ive some f:Uide to the microbiolozical activity 

of the soils.This as)ect has been investigated intensively 

since the introduction by Lenhard ( 1956) o::' a method for 

the estimation of this activity. Dehydrogenase activity 

appears to be more deprndent upon the metabolic state of the 

the microbial population of the soil th~~ upon the activity 

of specific fr8P enzymes on particular substrates. 

8tev~nson(19~9) and Casida(1964J used the 2,3,5 

tri henyl tetrazoliwJ chloride ( '£TC) reduction method in an 

attempt to equate the dehydroeenase activity Hi th ~he 

biological activities of the soils. 

Skujins anet 1'1claren (1968) studied the dehydro..se­

nase activity in some air dried soils tha "c had been stored for a 
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few years. Rosa (1970) studied soae factors intluenoiDg 

the estimation of dehydrogenase activities of pasture 

soila in New Zealand. Ross J! A! (1970) turther iareatigated 

the enzym.e activities and o:eygen uptake of soil under 

pasture in teaperature and rainfall aequences. !hey turther 

(1973) studied the iuvertase and -.,lase activities in a 

soil profile and found that both the activities were aostlJ 

positivel7 correlated with oxygen uptake' , partiCQlarly 

in the preseace ot added glucose. 

Baker (1974) studied the soil aicrobial activity 

in Pinish Lapland by aeasuring the levels of dehydrogenase 

and B - fructo furanosidaae b7 laboratory respirometry and 

the acet7lene reduction technique tor nitrogen fixation. 

Hast (1974) tram Swedish Coniferous forest reported the 

total activitJ of ii!O'OOzWaniauin prot•in aae:aded soil. 

He determined this aspect by plate counts, respiration 

... suremeats, dehydrogenase activities and Af.P analJaia. 

AfP analyais waa a better measure of the activity·of the 

ll1 crobial population rather thaD the bioaass study. 

Ia India very little intoraation is available on 

this aspect of soil aicrobiologr. Vishwanath Ji ~ (1975) 

studied aoae selected soils to determine the contribution 

of bacteria, surviv1Dg chloroform and toluene treatment 

with regard to dehJdrogenase activity. 

Wingfield (1977) studied the effect of the application 

of herbicide Balapon on bacterial populat•on and dehy4rosenaae 

activity in soil of BegbrOlte of Bill Yarton. 

Witkamp (1966) studied the evolution ot Co2 from 

forest floor: of pine and aaple stands. 
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Variables which have been shown to effect the 

Co
2 

evolution froa soil include temperature and moisture 

(Xatsnelson aDd Stephenson, 1956; Witkaap, 1966; Reiners, 

1968; Garett aDd Cox, 1973), pH (Katznelsoa and Stephenson, 

1965) aDd substrate (Katznelson and Stephenson,1956; 

Witkaap, 1966). Determination of rates of Co2 evo~ution 

froa forest floorr is, therefore, essential to the 

construction of eoosJstem carbon budgets (Wood Well aDd 

Botkin, 1970; Reichle !! Al• 1973). 

Garrett and Cox ( 1973 ) reported that moisture had 

the greatest liaiting effect on Co2 evolution froa the floor 

ot an Oak hicoey forest in Missouri aDd that temperature 

wae moat 11111 t1l'l8 in the apring aJld winter. 

Bdward (1975) discussed the use of aoisture and 

teaperature to predict Co2 evolutio~ rates froa aeperate 

litter and aineral soil horizons in a mixed deciduous forest 

in Bastern !ennesaee. Mortanaen and Staff (1975) in Swedish 

coniferous described two aethoda of evolution of heat and 

Co2 for measuring the total activ1t7 of organisms in soil. 

In India, not much work haa been done on this aspect of seil 

microbiolog7 to understand the complex forest ecoaJatea. 
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A. Selectioa ot jhe f1te :-

!he investigation ot the soil mioroflora was 

carried out for two years, starting from Ap~il 1976 -

April 1978. During 1976-1977, the iavestigation of the 

soil llicroflora was carried out uD4er five sel.e cte4 pill! 

plantations vis. 1955, 1961 (plantation on high altitude), 

1961 (p~antation on low altitude), 1965 and 1970. The 

details of the plantations are given in the chapter 

general introduction. !he five plantations were selected 

to investigate the variation in the microbial population 

aaoagst plantations of different age. After one year of 

study of the soil microflora of these plantations, wben 

no significant variation was observed -•tween thea further 

investigation of the soil llicrofl.ora duriDC 1977-78 vaa 

exteDded tor only two pine plantations viz. 1955 aDd 1970. 

B. @oil sypliJll prsce4urt a-

!he firat sampling of the soil troa different 

plantations mentioned above, started on 5th.April,1976 aDd 

the subsequent aaaplinga were done at one aonth interval 

for a period of one year. 

Soil saapl.ea were col.lected by inaertiDg a sterile 

bowel vertically into the soil to a depth of 15 aaa. at 

five randomly selected sites within each st&Dd. Bach set of 

five aaaplea was thoroughlJ mixed in a sterile polJthene 

bag in an effort to ainilli.ze local variation in the llio robial 

popul.ation, aDd the aaaplea were transported to the 

l.aboratory ~ediately. All aseptic precautions were taken to 

avoid contaminations. Samples were kept in the laborator,v 

freeze at a temperature of +3°0 until the plate counts were .. 
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done. Additional bulk of aaap1ea collected froa each aite 

and froa each plantation provided material tor pH aDd 

moisture determinations. !he same procedure of the soil 

samplings was followed tor the inYeatic&tion of soil 

aicroflora during Ray 1977 - April 1978. Ataoapheric 

'teapera1;ure, rainfall and huai.dity were recordecl throughout 

the aa11pl1ag periods. 

o. Iao1atign of Soil Jupgi :-

Vareu.p •s soil plate aethod (Warcup, 1950) vall 

followed tor isolation of fUQgi troa the soil aaaplea. Saall 

amount (0.003 g ... , ) of aoil waa taken troa the aaia ••plea 

by aean of a sterile Dichroae spatula ha~ag a flattened tip. 

!he soil was then dispersed in a tev dropa of sterile water 

in the bottoa of the sterile petr1dishes. Bight · ·:lo ten ml. 

of aelted and coo1ed Martin's rose bengal .,ar aediua 

suppleaented with streptomycin sulphate was poured aDd the 

soil particles were dispersed throughout the aediua by 

shaking and rotating the dishes. !hree replicates were 

aaintained for each sample• • S-.e aethod: ot isolation was 

follewed tor all the plantations. !he plates were then 

iacu~ted upside down at a temperature of 25 + 1°c for 5-6 - , 
days in BOD in cuba tor and were examined carefully enrydq 

to remove the fast growing forma. !he awaber of fungal 

colonies waa counted with the help of a digital colony 

counter aDd the tung~dey soil were cal•ulated by taking into 

consideration of the moisture content. Isolation and 

purification vas carried out in a 1aaiDar flow chamber. 

!he isolation and pu~ification of fungi for detailed 

study were done either by single spore method or by cutting 
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of hyphal tipe ~ fhe pure cul. turee were ·tz-u.tarr.td to 

fresh agar elanta of Malt extract and Czapek's Dox agar 

m.ediwa aDd preserved in the refrigerator rwmiag at 1 0°C • .. 
Por identification of the moat of the tuDgi the books 

consulted were thoae of Gilm~ (1956). Barnett and Hunter 

( 1972), Subramanian ( 1971). 

D. Itol&tion of bacteria •nd actinq~~cetea s-

Dilution plate aethod was followed for the iaolation 

of bacteria aDd actinoaycetes throughout the aampliDg 

period. 10g ot soil froa each sample: was taken and put in 

250al sterilised conical flask and a soil solution in 

sterilised distilled water of 1:10 dilution wae prepared. 

Purther dilutions vis., 1: tOO, 1 :.1000 and 1:10,000 were 

prepared with sterilized distilled water fDr each sample. 

The stock solutions were always thoroughly hand shaken for 

tQ-15 minutes before making aD7 dilution. 1:10000 dilution 

was finally considered suitable for isolation of bacteria and 

actinoayoetea. !hroughout the investigation period the saae 

dilution (1110,000) was used for the various aaaplea. Iaolation 

of bacteria was done on nutrient agar aediua containiag beet 

extract whereas actinoaycetes were cultured on starch c&8ein 

scar plus antibiotics medium which has been shown to be 

highly selective tor these microorianisas (XU.ter and Williaas, 

1~64). !he selectivi~y of this mediua for actinoaycetes was 

further increased by the addition of antifuncal antibietica, 

actidione aDd nratatin each at a cone ot 50 ag/al of medium 

{Villiaaa aDd DaVies, 1965). 0.5 ml of aoil auapension trom 

1:10,000 dilution waa transferred asepticall7 
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poured nutrient agar aediua and e~arch casein aediua tor 

the cultivation of bacteria and actinomycete& respectiTelJ. 

Seperate pipettes were used for transferring the soi~ 

solution in each case to ~oid contaaiaation. Isolation vas 

carried out in sterilized la••iner flow chaaber throughout 

the inTestigatio~ period. Three replicate plates were 

maintained -ill' each case. The petriplates were shaken gently , 

to disperse the inoculum uniformly over the surface of the 

agar medium. fhe p~ates were incubated upside down at a 

temperature of 30 + 1°0 in a bacteriological incubator. !he -
plates for bacterial counts were iaouhated tor 24 hours 

whereas the plates tor actinoa,cetes were incubated tor 7 

days only. Humber of bacteri~ and actinomycete& colonie& vas 

counted with the help of a digital coloDT counter and their 

population per g dry soil was calculated by taking into 

consideration of the moisture content. In this study only 

the bacterial and actinomycete& population vas considered 

aDd no attempt was made to identity the species. Pure cultures 

of bacteria aDd actinomycete& were transferred to fresh agar 

slants and preserTed in the refrigerator running at 10•0. 

Saae methods of isolation of soil aicrotlora vas followed tor 

the in?estigatioa of soil microflora during 1977-78. 

B. Qoapos.tion of the aedia used tor ihl isolltion of papgi, 

bacttri& aad actinoaxcejee :-

a) Ozapek'e Dox agar - (Raper and Thom, 1949). 

~u - 15.0 g. 

Ba No3 - 2.0 g. 

i2H P04 1.0 g. 



Me se4 7~o 

Kcl 

:reso4 7H2o 

Sucro•• 

Water (418t11led) 

b ) Malt extract scar 
Agar 

Halt extract (Ditco) 

Dextroae 

Peptone 

Water (distilled) 
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- 0.5 g. 

0.5 g. 

10.0 ag. 

- 1000 Ill. 

25,0 g. 

- 20.0 g. 

- 20.0 .. 

1.0 g. 

- 1000 ml. 

c ) Peptone-4extro•e-Rose bengal agar (Martin 1950). 

Agar - 20.0 g. 

XB2Po4 
Mgso4 7~o 

Peptone 

Dextrose 

Rose beqal (1") 

Distilled water 

Streptomycin 

Jldium tor B§cteria -

Nutrient agar -
(Ditco manuel, 195,). 

Agar 

Beet extract 

Peptone 

llacl 

Water (distilled) 

1.0 g. 

0.5 g. 

5.0 g. 

- 10.0 g. 

- :5.3 ml. 

- 1000.0 ml. 

- :50.0 ag. 

15.0g. 

,.o g. 

5.0 g. 

a.o g. 

1 ooo.o al. 
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Mediua tor Aotiaoatoet•s 

Starca-Caeeia agar (Knater aDd Williams, 1964). 

Apr 

Starck 

Oaaein ( V11iaain tree ) 

KNo3 
Nacl 

~HPo4 
Me so4 7H2o 

eaco3 
Peso4 7H2o 

Wa1ier (distilled) 

~7atatia aad Acti~ne 

- 18.0 «· 
1 o.o &• 

- 0.,0 C• 

2.0 &• 

2.0 g. 

2.0 C• 

0.50 C• 

- 0.02 I• 

- 0.01 &• 

1000.0 al. 

50 Mc/Ml eaca. 

~. Deterai!ltiop ot perceatace relative abUJ4oace apd 

percentage trtauency of fupf1 :-

tae peroentace relative abuadaace of a tuagal 

species was calculated from tae roraula as detailed below: 

Total 111mber ot indiVijual. ape cit! ot funpa x 1 00 
~otal nuaber ot 1D4i~duals ot al apeciea 

!ae tera 'rrequency' is uaed to refer tae 

frequency ot a flm&ue duriag tlle ••tire saaplinc period au 

ia represented by tae anmber ot aaaplincs in whick t~ 

fungus appeared, expressed 11 percentage. Baaed oa 

perceatage frequency the fungi are grouped as 'dominant' 

81-100~; Common 61-S~;trequent 41-6~; occasional 21-4~; 

aDd rare :1-2~ (Vittal, 1975). 

G. Seasonal record ot ~· ~al population s-

Seasonal record ot tke fungal population,was made ia 
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three aeaaou Yiz., (a) SUilller; froa April to June (b) 

rainy, troa July to October aad (c) winter, troa November 

to Pebruar,r. !he funci recorded during the different aoatha 

of the aeaaona were consolidated and percentage trequeac1 

was calculated by averaging the monthlY data described 

earlier. 

H. »eteraination ot dehJ4roceaase actiJ1jY. Co2 evolutioa 

apd aicro)ial population ot the foreat eoil :-

f.he experiaent was coDduoted tor a period ot t year 

etarting troa May 1977 to April 1978 uader a aelectecl pine 

plantation viz: 1970 plantation. Soil troa tbis selected 

pine at&Dd vaa collected resul&rl7 at oae aonth iaterYal fer 

a period ot oae year. During each aampling top aoil _ upto~ 

depth ot 15 ca troa five raadoaly selected apota were 

collected aa cleaeribed earlier. Bach aet ot five aaaplea wae 

thoroughly aixed in a aterile polythene bag in an effort to 

ainiaize looal variations in the microbial population aDd the 

aaaplea were t ranaperted to the laboratory t.aediatel.7. All 

aaeptic precautions were followed to -••o14 contamination. 

!he aaaplea were used on the aaae day to detemiDe d ehydroceaaae 

activitJ• Additional bulk of aaaplea collected in each caae 

provided .aterial tor pH aDd aoisture deteraiaatioaa. Soil 

teaperat111"8 waa alva7a recorded duriJlB the entire aaapli:ag 

period. Organic •tter, organic aarbon and 0/'B ratio also 

were deterained. Ataoapheric temperature, raillfall and 

huaidi t7 were recorcled throughout the investigation perioct •.• 

DehJdrogenaae activity ot the soil waa cleterainecl b.J 

2,,,5 friphenyltetrazoliua Chloricle (!!C) reduction teCbaique 

aa modified b7 C&sida !.1 !:! ( 1964 ) • !o c1 eteraine de~dropaaae 
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activity (DBA) 5.0 ~· of eoil sample (tree from any plant 

debris) was dispensed in six test tubes. To each tube 

0.1 g of Caco
3 

aDd 1 al of 1.5~ aquous solution of TTC 

were added in succession. Three of taese tubes received 

1 ml of 1~ so~ution of glucose and 3 ml of distilled 

water. The quantity of liquid was found to be enough to 

saturate the soil and to fora a liquid layer oa the soil 

sample. This ensu~ed adequate anaerobiosis for TTC 

reduction. The content of each tube was well aixed, 

plugged vita a rubber stopper and incubated at 37°C for 

24 hours. The TTO was reduced to Triphenyl formasan which 

was extracted with aethaaol. The soil troa each tube was 

quantitatively traasferred to Whatman No.40 rilter paper 

with the help ot methanol and w,ahed down into a 50 ml. 

volumetric flask, vita small portions of methanol till the 

fi~trate ran free of pink colour. The volume of tbe filtrate 

vas made up to the mark with methanol. The OD {Optical 

Density} due to piak colour ot the filtrate was deteraiaed 

at 485 ~ by means of a spectrophotometer (Speotronic-20) 

using aetbanol extract from the control (without soil) as 
are 

the blank. The results depicted~oa the basis of O.D. taken 

at 485 ~ 

Inverted box aethod was used to determine Co2 
evolution from tae forest floor (soil) (Walter aB4 Baber, 

1952). Glass beakers ot 100 al. oapaoit.J containing 50 ml 

of 0.1 ~ KOH solution was covered with tin containers 

(5071.2 ems. eq.area) and exposed to forest floor for 

24 hours under natural conditions. Control sets were used 

as fo~lowe : a smali area of tke forest floor (accordin« 
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to tae size of the tin used) was coTered by aeans-of a 

polythene sheet to ensure no Co2 accumulation took place 

from the forest floor and the whole aystea along with 

0.1 N KOH solution was covered by !averted tin. After 

24 hours of exposure the amount of Co2 fixed by the KOH 

solution waa measured by titrtaetric aethod using 0.1 N HCL 

and Paenolphthelin as an indicator. !aree replicates were 

used in each case. Fiaally Co2 evolution was expressed iA 

mg/m2/hr. 

!he microbial population of tae soil samples was 

a~so assessed as described earlier during the determination 

of debTdrogenase activity and Co2 evolution aad duriag each 

sampling period. 

I. Apalxsis of tje p&ysicochemical p;operties of th! soil -

The following physicochemical. pro.perties of the soil 

were determine~ during different period: of aaaplinga. 

a) Motstsre content determination of soil aa;ples :­

Moisture content of each soil sample , vas assessed 

by oven dry weight aethod. During each collection tea g of 

each sample of freshly collected soil was dried at 105°0 
" in a hot air oven to constant dry weight and from the 

resulting weight losses the percentage moisture content was 

assessed. 

b) pH deteraipatiop of soi~ samp~es :- pH of the 

soil samples was also determined for a period of two years. 

For eacn sample 20 g of soil was saturated with 100 ml of 

distilled wa~er and allowed for constant stirring with the 

help of a magnetic stirer ror 20 minutes. Tke suspension 

vas then filtered through Whatman fiiter paper No.1. !he 
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pH of the filtrate was then taken by electric pH meter. 

(c) Determi•ation of the organic carbon. organic matter. and 

nitrogen of the soil t-

Organic matter, organic carbon and nitrogen of the 

ao1~ samples collected froa 1910 plantation during 1977-78 

were anal7sed as desoriDea below : 

Determination of organic corDon of aoil :-

Walkley and ~lacKs (1934) rapid titration method was 

fol~owed for the determin~tion of orga~c caroon of the soil 

samples collected at different sampling period· .• The soil waa 

digested with chromic and sulphuric acid aaking use of the 

heat of dilution of ~he sulphuric acie. !he excess of chromic 

acid, not used by the organic matter of the soil was then 

determined by titration wi~h st&Ddartt ferrous sulphate. For 

each sample 0.5 g of soil was taken after passing throu«h 

fine mesh(ao!70)aAd placed in a 250 ml conical flask. 10 ml 

of 1 M !2Crlo7 solution was then pipetted in the soil, and 

the two were mixed by swirling the flask, Then 20 ml of cone 

H2so4 vas added and mixed by gentle rotation to ensure 

complete contact of tke reagent with the soil. The mixture 

waa allowed to stand 30 minutes. A standardization blank was 

run (without soil) ia the same way. The solution was then 

diluted to 200 ml with distilled water and 10 ml of 85% 

phosphoric acid, 3 · drops of diphenyleamine indicator was 

added aDd the so~ution was titrated with 1 N ferrous sulphate. 

Hear the end point the colour became deep violet blue and at 

this atage Fe so4 was added slowly with constant shaking. At 

the end point the colour of the solution changed to green. The 

perce~tage organic carbon present in the soil was then 



33 
calculated as follows : 

Since 1 ml of 1 N potassium dichromate correspoada 

to 3 •«• ot carbon • 

• ·.% 0 (orcanic) = B- s xV0.003 x 100 

B = ml Feso4 in blank titration. 

S = ml Feso4 in sample 

W = weight of the soil sample 

!he orpnic matter present ia the soil was 

calculated out from the percentage orcanic carbon as 

follows : 

Orpnic matter = " oraanic carbon X 1. 724 where 

1.724 ia a coastant factor (Jackson,1958). 

Bttiaation of pitrocen of soil ~ 

Kjeldahl method was followed tor the estimation ot 

nitrogen of the soil samples (Jackson,1958). Eor each 

sample 10.0 « of soil was taken after pasaiag through 

(100 mesh per ia) sieve in to a 300 ml. Kjeldahl digestion 

flask. 20 g of Na2so4 plus catalyst di&estion mix were thea 

added. 35 al ot Cone H2so4 was also added aad the digestion 

was followed on the Xjeldahl digestion rack with low flaae 

for the first 10 - 30 minutes, until ~wot~ng stopped and 

then cradually more stroagly until the temple was 

completely charred. The flask was rotated at intervals aDd 

heating was continued until the organic matter was destro7ed 

aDd the solution was cleared. At the end of the digestion 

when the colour of the solution turned yellow greea, the 

heatia& waa stopped aDd the flask was allowed to cool, 200 ml 

of distilled water vas added and the solution was cautiouslJ . 

mixed. !he solution was then ready for the determination of 
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aaaoDiua co•tent b7 distillation. 

!he solution vas then poured into the Kjeldahl 

distillation unit held at 45° angle with condenser and 

waa allowed for distillation. 25 ml of 4~ boric acid vas 

taken into a 250 ml conical flask and 4 drops of bromo-cresol 

aDd methyl red indicator were added. fhe flask was placed 
• 

at one end of the condenser fitted with a receiver tube. 

The tube was placed in the flask so that its end was below 

the surface of the boric acid in the flask. After the 

solution was poured into the distillation flask 40% NaoH 

was poured til~ the solution turned brown in co~our and vas 

allowed for distillation ti~L the conical flask received 

125 ml of distillate. 

~he boric acid was then back titrated with B/14 

Hcl. At the end point the blue colour of the solution 

disappeared aDd the solution turned pink in colour. 

The percentage of Nitrogen was then calculated aa 

detailed below : 

when 

where 

~ Nitrogen = (T - B) X N x ~ 

T = 3ample titration, ml standard acid 

B = blank titration, m~ standard acid 

M = ~ormality of standard acid 

S = Samp~e weight, . 

1.4 is a constant factor. 



'************************' •. . .. , 
f RBSULTB t 
' t . ' '************************' 



35 
!Ae experi.aeatal fiadinp are repreaea'\84 ia tile 

tollowiag erder a 

1. Quantitative assessment of the population of fuagi, 

bacteri-a aad actiaoJQ"cetes froa soil under' different pine 

plantations aad at different saapling periods during 

1976-1977 aDd 1977-1978 are represented ia the 11gs.(1-5} 

aDd the statistical analJsea for the s ... are depicted ia 

the Tables (1-6}. 

2. Recorda of the percentage relative abuadaace and 

percentage frequency of fungal apeciea isolated at differeat 

aaapling periods duriag 1976-1977 aDd 1977-1978 under 

different piae plantations are given in the fables 

(7-11, 17-18} and Figs. 6-12. Statistical analyses for the 

same are depicted in the Tables (12-16, 19-20). 

3. Distribution of the different fungal species in 

different seasons (B.g. sWIJier, rainy and winter) during 

1976-1977 aDd 1977-1978 UDder different plantations, oa the 

baaia of percentage frequency are tabulated in the 

fables 21-24. 

4. Moisture content aDd pH of the soil during different 

sampling periods UDder different pine plantations during 

1976-1977 and 1977-1978 are givea in the Tables (25,27,29,31) 

and the statistical analyses for the saae are depioted in 
-

the fables (26,28,30,32). 

5. Meteriological data during the courae of studies are 

depicted in the Fig.13. 

6. Relationship between Co2 evolution, dehydrogenase 

activities, total number of microbial population and other 

physico-chemical properties of soil of 1970 pine plantation 
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4uriq 1977-1978 are depictecl 1• tu !a\le ('') am 

Figa. (14-15). 

1. gsaatitative aaaeaf!eat ot the J!pulation ot typf1. 

bacteria aDd actiao1fcetea tro• the 1011 at dittereat pine 

plantation• during 1976-1971 ,_ 

~he fungal population ef the aoil UDder ditterent 

pine plantations during 1976-1 977 exhibi te4 alaost a a1111lar 

picture (Pig.1), It was observed that the fungal population 

in the soil ot 1955 and 1965 plantations increased in tbe 

beginning (i, e. in the month ot April-Jiq) &J:d a sudden 

tall ia the population waa rejorded thereafter (F1g.1). 

In both 1955 and 1965 plaatationa the soil fungal 

population exhibited an iac:reaaiug trend t:roa the 

aonth of Julf onwards upto October and decreased thereafter 

till J&DRar.y (Fig.1). An inerease, however, was again 

recorded troa February to Karch. In both the plantation• 

least fungal population in the soil was recorded in the 

aonth ot June, though ia the month of January the population 

remained very low. Highest fungal population vas recorded 

in the month ot October in both 1955 and 1965 plantatioaa. 

!he fugal population in the soil of 1970 planiil,10Jl 

_ cleoreaaecl in the begiJming and the same trend contiaued 

troa the month ot April to July whereafter the population 

increased and it continued upto the month of October • .b 

abrupt fall in the tungal population was recorded upto the 

aonth ot January aDd subsequently the population increased 

(Fig.1). !he least tangal population in this plantation vaa 

recorded tfving the months of June and Jul.y. !h~i~Sflll4~ 

fungal population was recorded in the month /' ',~··~ ... 

(~\\ ~,~~·R1 ); 

~ ~~-"- /.. 
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It ia observed froa the present investigation 

that effect of different altitudes on the soil fungal 

population vas not remarkable. The tungal population in 

the soil of both the 1961 (high aDd low altitude&) 

plantations exhibited almost a similar pattern (Pig.1). 

The population decreased froa the month of April to June 

and subsequently increased upto the aonth of October. 

Again, the population dropped from the moath of November 

to l'e bruaey and increased the re'after. In both the plant a t1 ou 
I 

the least fungal population was recorded in tbe month of 

June aad the higneat figure was obtained in October. 

Statistically no significant variations were 

observed in the soil tungal population between different 

plantations studied during 1976-1977 but significant 

variations were observed in the fungal population during 

different months (Table 1). 

Bacterial population in the soil of 1955 aD4 1965 

plantations during 1976-1977 exhibited almost a •illilar 

picture. The population in the beginning (i.e. April-May 76) 

increased ia both the plantations &Dd subsequently 

decreased upto the month of Jul7 except in the 1965 

plantati~n where the population increased during the month 

of July. In both the plantations the bacterial population 

exhibited a decreasing trend from the month of Septeaber 

to January and thereafter the population increased. In 

both the plantations the least bacterial population was 

recorded during the months of November to Januar,y. The 

bacterial population of soil waa appreciably high in the 

month of September, (Pig.2). 
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Ill 1970 plaata'tio:a alao the bacterial populatioa 

i:acreaae4 ill the begiJming (i.e • .&.pril-.1&7) u4 thereafter 

a euddea fall ia the populatioa was reoorded upto the 

month ot Jul7. !he population subsequently increased and 

the peak was noted in the month of September. !he 

population dropped troa the month of October aad the 

decreasing trend continued upto the aonth of January aDd 

thereafter it increased. fhe least bacterial population 

vas recorded in the month of December, (Fig.2). 

It vaa obserTed that there was not auch effect of 

different altitudes on the soil bacterial population as 

the population exhibited a similar trend in both 1961 

plantatiou. on high and low altitudes (Pig.2). 4 low couat 

was obtai:aed in the montheApril-JulJ.aDd October-Jauaar.y. 

!he peak population was recor«ed in August (Fig.2). 

Statiaticall7 there was no significant variations in the 

bacterial population of different plantations, significant 

variation waa, however, noted in the bacterial populatioa 

of different aoatha (fable 2). 

Actinom,cetes population of the soil in all the 

plantations exhibited almost a similar pattern of variation. 

The peak was recorded in tbe month of September in all the 

plantations (Fig.3). The population dropped during the 

months of June and July in all the plantations exo~t in 

1965 plantation where aa increase vas recorded. In all the 

plantations there vas an increasing trend ia the 

actinomycetee population from the aonths of ~ebruary -

March, though fairly low count was obtained during tbl 

months of HeYeaber - Januar,y. 
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8tat1atioallJ no aigaificaat .ariatio~ ia the aeil 

actiao.,oetea population wae obserYed between different 

plantations, but aignificant variation vaa observed in 

different months (!able - 3). 

!he tungal population of the soil of 1955 aDd 1970 

pine plantations studied during 1977-1978 exhibited alaeat 

a siJii.lar picture (l'iv.4). SU.rprisiqly there was not auoh 

variation in the ~antity of soil fungal population in 

these two plantations during the course ot investigation 

(Figs. 1 and 4). It vas observed that the fungal population 

in the soil of both the plaatationa ahowed an increasing 

trend from the beginning (i.e. troa the :m.onth of June to 

September) aDd a sudden fall in the population was 
I 

recorded in the aonth of October aDd thereafter the 

population increased upte the month of November and it 

dropped again till January. ja increase in the population 

vas aarked again up to the month of February whereafter it 

reaained al:m.ost aame. The least tungal population waa 

recorded in the aonth of October and peak was noted in the 

month of September 1977 (Fig.4). 

During 1977-1978 statistically a aignificaat 

variation vaa observed in the fuagal population of soil 

be,ween tvo different pine plantations unlike that ot 

1976-1977. A significant variation in the population waa 

also recorded between different sampling perioda (!able 4). 

!he bacterial aDd actinoa7cetes population ia tha 

soil of 1955 aDd 1970 pine p~antationa duriag 1977-1978 

exhibited a aiailar trend (Fig.5), but a aubstantial 
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iaereaae ia ~he populatioa of iac~eria aDd aetiao.,eetea 

waa obserYed during the aecoDd year of eiudiea (11g.5). 

!he population of bacteria aDd aciiDomJcetea which 

was low in the beginning (i.e. froa the aoat~of May- Juae) 

in the soil of both the plantations abruptlY increased in 

the aonth of August. Thereafter, the population Of bacteria 

and actinomycete& in both the plantations declined and the 

least population vae attained in the aonth at Januar.y 1978 

(Pig.5). An increase vas again recorded after this fall. 

Like 1976-1977, statistically no significant 

.ariation in the population of bacteria and actinQm7Cetea 

waa recorded between the two plantations during 1977-1978 

also but a significant Tariation in the population waa 

recorded during the different periods of aaapliac (Tables 5-6). 

2. Percentage relatiye abundance and trequencx of fupea1 

apeciea UJ!ler different pine plaatations during 1976-1978 :-

Sixteen fuagal species, viz. 6 pb7ca.ycetee, 

1 ascomycetes (unidentified), 1 sterile .,celia and 8 aeabers 

of fungi iaperfecti were isolated froa the aoil of 1955 

plantation during 1976-1977 (Table 7) where aa onlJ eight 

species were isolated froa the saae pine stand duriag 

second 7ear i.e. 1977-1978 (Table 17). 

Absidia oYlindroapora, PYthiwa sp aDd Trich9deraa 

v1r1de were isolated with high frequency and with fairly 

high population than an7 other fuasal species during 

1976-1977. Pxthiua showed maximum population (according to 

percentage relative abundance} in the soil at different 

aaaplings (P'ig.6). However, !ri9hodema viride vas recorded 

as dominant fUngus according to percentage frequencJ 
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(!able 7). Otlwr fUDpl. apeciea recomed occured aporadical.l7. 

Siailarl.J Daidia g;rliMrospoa, Ciroiaella ap, Dth§Lg ap, 

Phoaa hp1 gola and !ri·choderm.a Tiride were iaola'ted regular!¥ 

vi th higb. population in 1977-1978. lxthiwa ap aad frich9dtl"!! 

viride exhibited the maximum population at different aamplinga 

(Fig.11). Absidia cxlindrospora aDd frichoder'l yi:ride 

•re, aeweftr,~.ree<>Net aa- doaillant fungi according te 

percentage frequency (fable 17). Other tQDgal species 

occured aporadicallJ. StatisticallJ aigniticant variatioa 

was observed in the percentage relative abundance between 

different fungal species isolated during 1976-1978 

(fable 12, 19 ). 

Fitteea tuagal species, viz. 5 phyco.,oetes, 

1 aace.,oetea, 1 sterile mycelia and a aeabers of fungi 

imperfect! were isolated froa the soil ot 1965 plaatation 

(!able 8). Abaidia cxli!ldroapor1, PYthiua sp, frichode;aa 

rtr14e aDd Penicillig c;b.rYsogenua were ebsened w1 th high 

frequenc7 and with high population at different sampling& 

(Fig. 7 ). Hove'Yer, Pythiwa sp was aaxiaua in the aoil (Pig. 7 ). 

According to the frequency of isolation, pythiua sp, 

Pen1c11liua chr7eogenum and Trichoderma yifide were doainant 

fungi. while the other ~ngal species isolated occured 

sporadically (!able 8). StatisticallJ significant variation 

waa observed in the percentage relative abundance between 

different tuagal species isolated (!able 13). 

J'ourteen tungal apeeiee, Viz., 4 phy'COJIY'Cetes, 

1 asooaycetes, 1 sterile mycelia, 1 UDidentiZied tuncua and 

7 tungi iapertecti were isolated troa 1970 plantation duriag 
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1976-1977 (!able 9) where aa the . ,_.1 ape ciea iaola tecl . -
froa the aame plaatatien duriDC 1977-1978 were thirteen 

(!able 18) • .Qaidia cYliadroapora, PYthig sp, Tri9hoderwa 

viridt aBd PepicilliBR chrraogenga were frequentlY isolated 

with fairly higb population throughout 1976-1978 (Piga.B &12). 

PBoaa hijlicola Which vas frequently isolated during 1977-1978 

wiih high population (Fig.12) vas recorded in the preTieua 

7ear with less population (Fig.B). Aitidia ozliadro•Ptr! 
am Pe!lictllig chrzsegenum were dollinant soil tu.qi ia 

tirat year (Table 9). In second year Abaidia Ql~ndrospora 

PYthip sp, lboaa hp•1 0011 and !richodere U.ride were 

dominant apeoiea of this plantation (Table 18). Other 

species ecoured aporadicallJ.StatisticallJ sigait.icani 

variation waa observed in the percentage relative abuDdance 

betweea differeat tuagal species isolated during 1976-1978 

(!able 14 and 20) • 

.ll.aoat similar teras ef fungi were isolated :troll the 

soil of 1961 plantations raised at high aDcl low altt.tudes 

(Tables 10,11). Absidia cylindrospora, pythiua ap, 

!riclJ.oderaa Tiride aDd PelicilliW! 9hrzstcenua were aoted 

with high frequency and with relatively higber population 

from both the stands (:Pig. 9, 10). Pythiwa .Q waa .iael.aiecl 

with aaxiaua pepula~ion at di:tterent aa~liaga tr .. both 

the pl&ntatioaa. !richgdell& yirj4e waa doainant tungaa ia 

bo~h. the ataDd.a (!able 1 0, 11 ) whereas .A.bt1di& oxli§roeptr& 

and PJ"thiua ap were dominant ia aeil et high al t•twle 

onl7 (!able 10). 

Statistically aigaitioant variation waa observed i• 
the perceJltage relative abwui8J1Ce between di:tferent tungal 
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apeciea iaola~ed troa both the plantatioaa (fables15,16). 

3. lfaatpal 4i;atrilm$ig tt a oil tppst ot 41tttnat qtpa 

11 piae pW.,a,ioy dyiy 1976-1978 a-

lhfCIIJCetea - !hia claaa waa repreaented b7 

8 geaera (fables21-23). Most ot the genera were diatributed 

in all the three seasons (i.e. summer, r&inJ aDd Winter). 

!heir distribution, however, was not aiailar in all the 

plantations during 1976-1977. !he distributien of IXthiua •J 

aDd Abaidia CJliDdrotptra duriag raiDT &Dd winter ••••••• 

was Y!£7 high according to their perceatap trequeac,­

(!ables 21-23 ). Mucor hieaalia waa almost abte:at durinc 

auaaer seaao:a except ia the soil ot 1970 plantation. 

CuDninibamella echinulata vas recorded appreciablJ in high 

percentage during rain7 season but it vas altogether abaent 

trea the soil ef all the plantatioaa during the winter 

seaaoa (fables21-23), in 1976-1977. 

During secoDd 7ear of investigation the pbJco.,cetea 

waa repreaented b7 six genera (!able 24) eut of which onl7 

two speciea Abaidia qylipdrpspora aDd pythiUI ap were 

distributed with 1 00 ~ trequenc1 during the aQJier and 

rai~ aeaaona ia both 1955 and 1970 phe plantation•. 

Another fungus et thia olaaa Oirc11fll& ap was diatributed 

in the soil ot 1955 pine plantation during all the three 

aeaaou 111 1977-1978 with fairly high hequeBc7, but it waa 

abaent troa 1970 plantation. Other three species like lact£ 
hieaalia, Aq'ti;ptaucor ap aDd 2npniyhyell& ech1au1a'a were 

I I 

isolated but they diftered~their trequenc7 distribution. 
I \ 

!he7 were isolated with very low trequenc,- during 1977-1978. 



Hcmcetea 44 ~~ .. ~i --- !hie cl&aa of ... -o ,_..very raft 

ia the aeil of piae forest of Megbalaya. loae aeabere ot 

thia claas were iaolated occasionallJ but their rela~i~ 

abuadance and percentage frequency were low. Only two 

genera, viz. , Wtlavia sp and Chaetollig clt)osup. were 

aeaetiaea iaolated and that too they were restricted in 

tbe aoil of oDlJ two to three pine plantatioaa (!ables21-2,). 

Another unidentified aacomycetes waa isolated from the aoil 

of 1961 pine plantation on high altitude with ollly ''·'" 

frequency-. 

!hielarta ap was iaolated troa the soil of 1961 

pine plant& tion oa high altitude only during 81UUier aDd it 

waa altogether absent frea other plantation& during thia 

seaaon. ChletomiUI globosum waa isolated from the aoil of 

1965 aD4 1970 plantationa vi th only 25 " frequency duri:ag 

r&iD7 season and it waa absent during other seasons 

(!ables 21-23). !hough some of the fungal species of thia 

class were isolated froa the soil during 1977-1978, they 

were not equally distributed in all the plantations in the 

different aeasona. Only four species, viz., !hielaTia sp, 

Oh&etomiua clobosum, Gelasip9spora ap aDd Sortafia ap with 

low percentage frequency were cultured (Table 24). 

Deuteroa1cetes - !his class was repreaented by 

nine genera (fables 21-23) out of which !rich9derpa yiridt 

and PepicilliU! cbr7sogenua were noted with high frequency 

in all the three seasons in 1976-1977. Another fungus 

Phoy hymicolf! vas also ucorded troa the soil of alaost 

All the plaatatioaa during diftereat aeasoas With fairlJ 

high percentage frequency (Tables 21-23). 
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-
repreaeate4 ~7 ••17 tour apeciea aaoacat which Jriebf4tJ1! 

vi ride was iaolatecl troa the a oil of both 1955 and 1970 

plaatatioae with 100 ; frequency during all the three 

a~aaona. ghoaa hueicola vas isolated froa the aoil of 

both 1955 aDd 1970 plantations during all the three 

seasons vi th high percentage frequeacy. PeaicilJ,ig 

ChrfBOgenBI vas isolated from the soil of 1970 plantatioa 

during all the three seasons 111 th high percentage 

frequency but it vas totally absent froa the seil of 1955 

plantation (!able 24). A sterile white mycelia vas isolated 

with 50 ; frequency in the soil of 1970 plantation during 

suaaer. It could not, however, be isolated froa the soil 

of 1955 plantation during 1977-1978. 

4. M!&•tsre ctateat t!d pH ot tht soil during 1916-1978 s-

!he aoiature content of the soil ia all the 

plantations was sufficiently high during the months of 

May-December (Tables 25 aad 27) and thereafter the value 

was low. Statiaticall7 aoiature content of the soil varied 

significantly between plantatieDS aDd also between 

different aampliag periods duriag 1976-1977, (fable 26}. 

There vas, however, ao significant variation in the moisture 

content of the soil between 1955 aDd 1970 pine plantations 

during 1977-1978. The moisture content variecl significant}7 

between differeat sampling periods (!able 28). 

!he average pH "f'&lue of the soil ia all t!Mt 

plaatationa waa above 6.00 duriag 1976-1977 except ia 1965 

plantation where this value vas 5.88 (fable 29). StatisticallJ 

no aigaificant variation waa •btained in the pH of the aoil 
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between plantatio-. &ad between dittez.nt aaapliDg period• 

(fable 30) 4u~DC 1976-1977. 

Alaost siailar result was obtaiaed tor the pB et 

the soil durirag 1977-1978. !he average pH value ot the 

aeil •~ 1955 plantation was observed to be above 6.00 

in 1970 plantation (fable 31). 

Statistically no significant variation vaa obtained 

in the pH ot the soil aetween plantatioaa but significant 

variation• were obtained between sampling periods durina 

1977-1978 (Table 32). 

5. Relatioghip betveep Co2 evolP:tion, deh.yclrogenase 

activitiea. tot&l microbial popu1ation •!d •th•r phfaico­

chemical properties of soil of 1970 pine plaptation atu4ie4 

during 1977-1978 s-

8tat1st1cally no correlation between deb7drogeaaae 

activities &D4 total microbial population ot tke aoil vaa 

observed, (lls•14 an4 Table ;;). 

!here was an abrupt tall ia the dehydrogenase 

act~vities with aa increase in the total aicrobial 

population in the month ot August thereafter a tall in the 

total aicrobes vaa observed, and tbia fall in the population 

continued upto the month ot Bovember but the correapoDdiBC 

deb7drogenaae activities ef the aoil duriac the period 

graduallJ increased (~g.14). !he additioa of glucose to 

the seil aa substrate substantially increased the dehJdrogeaaae 

activities of the aoil (Fig.14), aDd the valuea tor the 

aimultaneoua measurements of dehydrogenase activities ot 

eoil with glucose aDd without glucose waa toUDd to be h1&hl1 

correlated (r = 0.949, P~ 0.001 ), ('fable 33). 

Proa this experiment statistioallJ a positive 
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correlation ceuld be obae~ed '•tween carbon-dioxide 

evolution aDd total aicrobial population •t the aoil aiaoe 

the values tor the simultaneous measurement of Co2 
production an4 total microbial population was found to be 

highly correlated (r = 0.732, P ~ 0.01 ), (fable ,,). 

With an increase in the total microbial population 

corresponding increase in the Ce2 ·eYelution troa the aeil 

was observed during the aontha of Jul7-.August aDd agaia 

when total microbial population ot the soil declined duriag 

the aontha ot September to Januar,y there vas a corresponding 

tall in the evolution ot Co2 troa the soil (lig.14). !he 

peak in population was recorded in the month of August 

when the Co2 eyolution troa the soil was also .axiaua 

(Fig.14). 

Statistically no correlation could be eatab~iahed 

between dehydrogenase actiTities aDd Co2 evolution troa the 

aeil (Pig.15) and (!able 33). 

From the present investigation, the 4ehJdrogeaaae 

activities of the soil seemed to be influenced more 

profoundly by moisture content of the soil as the values 

of the aeasurements ot the dehydrogenase actiTit1es and 

moisture content ot the soil was toUDd to be negatively 

correlated ( r = -0.764, P £ 0.01 ) (!able 33). !he ettect 

ot aoiature centent on Co2 evolution rates were apparent 

(lig.15) but ao statistical correlation was observed 

between the paraaetera (!able 33).-!he pH of the aoil did 

not influence Co2 evolution in this forest, though there 

vas significant difference ia the soil pH duriag different 

aeaaone, '•t it influenced the dehydrogeaase actiTitie• et 
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~h. ••1~. 

8tat1atieall1 a aicaiticaat correlatioa waa 

observed betweea the soil pH and dehydrogenaae acti~tiea 

aa the values tor the aiaultaneoua ••aaureaeat ot aeil pH 

&Dd deb74ro,eaaae activities were toUDd to be signiticantlJ 

correlated (r = 0.696, P~.05), (!able 33). 

O~ganic aatter content ot the soil did not 

intluence Co2 evolution, dehJdrogenase activitiea aDd 

microbial population. •t the soil (Pig.15) and no 

correlation vas found between the paraaetera (!able 33). 

Soil nitrogen did not influence Co2 evolution, 

dehydrogenase activities aad total number ot aicrobea. Bo 

correlation was observed between these paraaetera. (!able 33). 



Figure 1 Seasonal variation in fungal 

population of soil in different 

pine plantations studied during 

1976 - 1 977. 
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Figure - 2. Seasonal variation in bacterial 

population o~ soil in different pine 

pl~ntations studied during 1976-1977. 
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Figure - 3 i:.leasonal varicL tion in actinomycetes 

population of soil in different 

pine plant&tions studied during 

1976-1977. 
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Fieure - 4 Seasonal variation in fungal 

population of noil ol two pine 

plantations studied during 

1977-1978. 
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Figure - 5 Seasonal vari2tion in bacterial 

and actinomycetes population of 

soil of two pine plantations 

studied during 1977-1978. 
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Figure - 6: Seasonal variation in per(.;entHge 

relative abundance of various fungal 

species, isolated from the soil of 

1955 pine plantation during 1976-1977. 

1 

2 

4 

5 

7 

·= 
= 

= 
= 
= 

Absidia c;_rlindrospora 

Circinella sp, 3 = 1-lucor hiemalis, 

Cunninghamella echinulata, 

Pythium sp., 6 =Ph~ humicola, 

Trichoderma viride, 8 = Aspergillus 

niger, 9 = Penicillium chrysogenum, 

10 = Jljoclaoium rooeQm, t~ =Verticil­

lium sp, 12 = Cladospori~J herbarum, 

13 =Fusarium sporotrichoides, 

14 = Sterile white mycelia. 
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Fic.;u:ce - 7: Seasonal variation in percentage 

relative abundance of various fungal 

species, isolated from the soil of 

1965 pine pJantation during 1976-1977. 

1 = hbsicia cylindrospora,2 = Mucor 

hie~alis, 3 = Zy~orhynchus .sp. 

4 = Cunninchamella echinulata, 

5 = Pythiu.m sp. 6 = Chaetomi'liu::il globosum, 

7 == Phoma humj_cola, 8 = Trichoderma viride 

9 ==Penicillium chrrsogenum, 10 = Sconula­

riorsis sp., 11 = Gliocladium roseum, 

12 = Verticillium s;;.,13 = alternaria 

tennuis, 1t; = i:<'usar..;um sprobrichoides, 

15 = dterile white mycelia. 
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Figure - 8 Seasonal variation in percentage 

relative abundance of various fungal 

species, isolated from the soil of 

19~6 pine plantation durinG 1976-1977. 

1 = ~bsidia cylindrosvora, 

2 = Ci:rcinella sp., 3 = l'Iucor hie~'lal is, 

4 -- Pythium sp., 5 == Chaetm:J.ium 

gl obosum., 6 = Phoma huitlicola, 7 = Tri-

choderma viride, 8 = Asper;.:;illus ,ni,c:;er 

9 = Penicillium chrysogenum, 

1 0 = Verticil] ium sp. , 11 == Cladosporium 

herbarum, 12 == Fusarium spo:rotrichoides, 

1 3 -~t . i l ' + l" ~ 0 er1~e ~uue myce 1a. 
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Fj_gure - 9 Seasonal variation in percent~ge 

relative a'Qundance of various fungal 

species, isolate~ from the soil of 

1961 (hieh altitude) pine plantF~"tion 

durinc 1976-1977. 

1 == a.bsidia cylindrospora, 2 = Hhizopus 

nigricans, 3 = Cunninghamella echinulata, 

4 P . 5 fl11 • 1 . == yLh1Um sp., == _nlA av1a sp., 

6 == l:'homa lmmicola, 7 == Trichoderma viride, 

8 == .c4Spergil}_u;::; ni,;er, 9 = Penicillium 

chrysogenum, 10 = Verticillium sp., 

11 = Fusariuw sporotrichoides, 

12 = Sterile ,,rhi te mycelia. 
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Fi,surP - 10 

relh ti VP :~ulH1d:::mce of vo.r:_::: u.s 

funGal ~~~ciPc, icnl~tcd from ~he 

soi~ nf 1 at) 1 (Lo'·' al ti tL~ f') pine 

:;:.1_:-;cnt:- ~i ()n durins 197S-1177 • 

.. ll.."bsL'l ia cy 1 indrospor~ 

2 = .Rhizo )US r..igric:?.ns, 3 = '].l.rci-

5 = ]t, i1 linghu."·lr llc.. P cll:i TI'J.2.u ta, 

0 _J,/~hiull ::::-;., 7 =~homE;. rt.n:icola, 

8 TrichorlPrwa viri~e, ~ = AsoPreil­

lus niGer, 1n = }enicil~ium 

12 .]l·.lc~oSrJ<Jriu::l ne.L~ua:rt:"·,, 

1'~ Fusar:iura suorotric~l'JLl.cs, 
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Figure- 11: Seasonal variatmon in perc&Btage 

relatjve abundnace of various 

fJngal species, ~isolated fro:r1 

the soil of 1955 pine plentation 

during 1977-1978. 

~ ~bsidia £Ylindrospora, 

2 ~ Circin:e.lla s_p., 3 = Cunninghamella 

echinulata, 4 = ryt!uum sp., 

5 = Gelasinospora sp., 6 = Sordaria sp. 

7 = Phoma humicola, 8 ~ Trichoderma 

viride. 
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FiL;ure ,. 12 Seasonal variation in percentage 

relative abundance of ;yarious fungal 

species, isolated from the soil of 

1970 pine plantation during 1977-197d. 

1 = Absidie cylindrospora, 2 = 1''lucor 

hieflalis, 3 = hCtinomucor sp., 

4 = Cunnin,;ha.me lla e chinulata 

5 = Pythium sp., 6 = Thielavia sp. 

7 = Chaetomium globosum, 8 = Gelasinos­

pora sp., 9 = Phoma humicola, 

10 =Trichoderma viride, 11 =Penicillium 

chrysogenum, 12 = Gliocladium roseurn. 
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I<'igure - 14 llelationship. between total number of 

microbes, c8rbnn d ioxids evolution r-.:no 

dehydroge~ase activity of ths soil of 

1970 plantation studied during 

1977-1073. 
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Fjcure - 15 Relationship betveen or~anic matter 

content, c2,rbonc~i oxide evolut i. on, 

dehydroGenase activity and ~oisture 

content of the soil of 1970 planta­

tion studied during 1977-1978. 
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A perusal of the tab~es 1-3 ana 5-6, suggests 

that statistic3.lly no significant variation was observed 

in the soil microbial po•~lation (Fungi, bacteria and 

actihomycetes) betv;Pen dif:t'ere:L1t age c;roups of pine 

plantations due --co the insigni::'icant variation in the p.H 

of the soil between different pla:r;.tations (Tables 30,32). 

'l'his may be also due to al~'lo'St a sin.ilar type of the soil 

irrespective of different age £roups of Pine stands. 

Further a thick uniforru slo1·:ly deco~'-1,-·osin.g layer of 

surface litter re:-;-tains throughout the year in all the 

plantations whic''- conceivably buffers the underlying 

mineral horizons against rapid change and acts as m.ul-

ching and the source of nutrients to the microbes. ~he 

condition which might have checked the po,ulation 

variation bet'tveen different plantations. Jones and 

Richards, (1977) in their studies of the changes-in the 

soil microflora of dry sclerophyll forest sites in ~outh-

East QueenslanCl_ folloHint,' reafforestation ·with exotic pines 

also showed no significant changes in bacterial or actnno-

r1ycetes population densities bet·ween different age groups 

of pine :plantations. i 1hey ::'ound however, that the nur'.lbers 

of fun~j incre2sed rapidly to 4.3 x 105g-1 ,15 years after 

planting, am remained at this level thereafter. 

The significant seasonal changes was observed in 

the fungal, bacterial and act ino;::J.ycetes population of 

the soil of this region (l<'igs.1-5_:and Tables 1-6). Ex-

treme climatic fluctuatio-"-s observed during the tTtro 

years course of investigation mighlb have exerted variation 
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in the soil ~crobial popu~ation at different sampling 

(Fig.13). Wright aDd Bollen {1961) whi~e workiag on 

microflora of Douglass fir forest soil, obserYed that there 

was extensive monthly fluctuation in auaber of aicroorcania .. 

aad the latter greatly increased during the rataT periods 

aD4 decreased during drought. A low count of tuaci, bacteria 

and actinomyoetes vas observed dur.inc Noveaber to January 

{Fip.1-5). During this period the uximwa a:ad aiDiaua 

temperature of atmosphere ranged between 18°c - 15°c and 
It , 

11°c- 5°c respectively with very scanty rainfall (Fic.13). 
, ,, 

Such coDditiona perhaps did not prove coDducive for tU. 

growth of microbes in soil. Comparatively high counts of 

fUD.,;i, bacteria and actinoJD7cetes was obserred duriq tlt.e 
• 

months of May, August ~nd Septeaber when raiDfall aDd tu 
temperature were conducive for the crowta of soil aicrobea 

{Fics.1-5). Low counts ia the soil aicrobial population 

again during the months of June and Jul.)", may be explaiaed 

in tlle light of high raintal~ duriq tllese period.a, which 

might have leached the available nutrients (soluble foraa) 

froa the upper horizon of the soil (froa which the oouats 

were done) to lower Atrizon aDd thus affecting the soil 

microbes in the upper horizon (Pics.1-5). Such a low 

mioroflora was also observed in oaae of two forest localities 

of this region by Misllra .!1 !1 ( 1977) aDd they eugested 

that this may be due to washiag away of the plaat aaterial 

fro• the slppes along with raias durinc the periods. 

Wakeman {1952)_ indicated that the distributioa ot 

microorganisms ia the soil ia controlled b7 numerous 

ecolo£ical factors, comprisiag cliaatic or ataospa.ric, 

edaphic or soil, and biotic or living. 
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larli•r workers &ave ahovn that fungi tlouriea ia 

acid soils aDd bacteria ia alkaliae. Later work8rs, viz; 

Jeaaen (1931), Warcup (1951), Sakaena (1955), Dwivedi (1959) 

aa4 Miahra ( 1964} have reported the occurence of twlgi ia 

good number both ia acidic and alkaliae soila. Williaas 

!! .. (1971) suggested that some group of actinomycetes 

are more Wide spread ia acid aoi~a. Warcup (1951) 

distiaguiahed two main groupe of fungi - those occurinc 

in acidic eoi~a aDd those preferring alkaline aoila. Moat 

fungi haTe the optimum growth at neutral reaction or 

slightly oa tae acidic aide (Hall, 1933; Howker,1950}. Aa 

initial pH of 5 - 6 ia satisfactory (not aeceaaarilr optimum} 

for the major! ty of the fungi (Lily ud Baraett, 1951 ). 

Apparently it was suggested that pH of the soils was aot 

a factor coatribut1ag to aycofloral changes (Menoa aa4 

Williams,1957). It is evideat rroa the above description 

as well as from the result depicted ia the tables that 

aligkt variations in soil pH, did not exert aDJ remarkable 

1nflueace oa the microbial population (Tables 29,32). 

Goodfe~low!! _. (1968) also could not eatabliah any 

correlation betweea bacterial population, pH, temperature 

and percentage moisture eoatent of a pine forest soil by 

dilution plate counts. 

Sakseaa (1955}, Dwivedi (1959~, Miahra (1964) aDd 

l'liahra !! 5! ( 1972) foUBd a direct correlation betweea 

moisture coateat of soil and funcal populatioa while Gaoah 

and Du~ta (1960) could not establish such correlation. 

HoweTer, from the preseat stud7 ao correlation was 

toua4 betweea tuagi, bacteria, actin~cetea aad aoisture 

co11.te:at of pi• torest ot this regioa. The aethoda em.plo7e4 
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for counti-c are probab~y not suff1cieDtl7 sensitive to 

detect correlations. Jonea and Richards (1977) concluded 

that changes ia the soil mycoflora of Pine are caused 

partly by some other facto~associated with pines, aDd not 

simply as a resu~t of their influence on litter. The rate 

of accumulation and breakdown on the plantation floor are 

also likely to influence the microbial populatioR. He also 

observed a large seasonal fluctuation in the population 

of major groups of soil microbes in different pine 

planttltions. 

Not much variation vas observed in the quality of 

ii~1-~;-of different plantations (Tables 7-11). 

Similar nature of the soii of all the plantations -., be 

responsible for such simiiarity. !he spread of slowly 

decomposiag surface litter on the forest floor of all the 

plantations also contribute for this similarity. Widespread 

occurence of Abaidia oxlildroapora, l!thiua sp. and 

Qnp»ingha!ella echinulata during summer and rai~ aeaaons 

suggesta that they remain paaaive during other season &Di 

on the onset of aummer aDd rain they become active soil 

saprophytes and colonize more profusely the dead organic 

matter on soil (Tables 21-24). However, their higher 

incidence 6n soil during summer and rainy seaaon can be 

explained on the basis of increase in the aoii moiature 

content due to higher rainfall from the month of MaJ to 

Auguat (Tables 25 and 29). During these months more 

so~uble nutrients were perhaps available due to iacreaaed 

decomposition of piDe litter. Mc-Laug~in (1947}, too, baa 

ahovn that the frequency of iaolation of pytQium froa aoil 

ia atrongly correlated with high soil moisture content. 
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Barton (1960) has shown a direct correlation between the 

eaprophytic co1onization of substrate in soi1 aad moiature 

content by Pxthium •em•i~atua. 

Earlier workers, viz; Wakeman (1917), Paine (1927), 

Ga11ow&J (1936} aad Dvivedi (1959) suggested that 

mucora1es and other genera of phycomycetes are geaera1ly 

. ~ess colllllon ia graas1and soils but are abundant in forest 

soi1s. Christensen!!_. (1962) also iso~ated several 

species ot pqoomycetes particuJ.arl.y Abaidia sp. :troa the 

soil of Wet-mesic forests in Southern Wisconsin. Viddea 

and Parldnso:a ( 1973) a1so iso1ated resularly Abaidia, 

Mucor, ZxgorAfncbus and severa1 other species ot 

phycomycetes froa the soil of Piaus reeinoaa, Pinus 

banksif!a,Piaus strobus and Pinu@ contorta p1antatione. 

Miahra ud Xanaujia ( 1973} isolated regul.arl.y Abeidia and 

Mucor ~rom the rhizosphere and nonrhizosphere st11 of 

seven gymnosperms, of which Pinua longifo11a v.- one. 

Vaartaja (1975) reported a widespread occurence of 

PxthiBB sx!yaticum in Canadian forest nurseries aDd the 

fungus was more common in forest soils of Pipus reliDO@a. 

!~ougn the o1ass aaca.ycetes aDd basidioaycetea 

play an important ro1e in the decoaposition of organic 

matter especial1y ia forest soils and although severa1 

hundred spp. of the group are present in soils, their 

isolation is so difficult that our :~ov1edge of tae 

hyphal growth and distribution in different Kinds of 

habitats is sparse, During the present investigation the 

c1aes ascomycetes was ver,y poorly represented froa the 

pine forest soi1 which suggests that either the technique 
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employed was not sutficient~y sensitive tor their isolation 

or they may not have succeeded in finding a place 1n the 

plates due to presence of the fast grow1ng forms lixe 

~richoaerma viride and Penici~lium sp., ADsidia 

cz~illdrospora and bthium ap. 

The majority of the colonies and species isolated 

Delonged to the c~ass deuteromycetes (Taoles 7-11 aDd 

17-18). Members of this group are pronounced cellulose 

decomposer which m~tiply and grow 1n so1l wi~n organic 

matter. In the forest soil with enough organic matter 

the presence of this class of fungi is wel! expected. 

Trichoderma Jiride aad Penicillium chrxsogenum 

were repeatedly isolated from the soil of almost all the 

pine plantations and they were present in the soil 

throughout the year (Figs.6-12). This suggests that these 

species are the active cellulose decomposer of this forest 

soil whose growth is being supported by the presence of 

uniform surface litter throughout the season. 

~he genua J4pergil1us was represented ver.y poorly 

and also could not be isolated from all the plantations. 

This is in accordance with the earlier news that 

Aspergilli are abundant in warmer regions of the world 

and Penicillia in colder regions ldenaen,1931 and 

Garrett, 1956). Since the atmospheric temperature of this 

region remains very cold from November to Ja~ar.y the 

above proposition is well documented (Fig.13). Trichodef!a 

viride was reported by Warcup (1951) to be common in 

acidic soils which is in agreement with the present studJ. 

~shra (1964) also. isolated this genus repeatedly from 
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waterlogged acidic soils. fhe forest soil being acidic, 

jhe growth of Tri£hoderza viride in the area is logical. 

Jones and Richards {1977) also noted that Pepiq1llium and 

Tri9hoderaa sp. were much more common in the soil of pine 

plantations than in native forest soil of southeast 

Queensland. 

fu•arium sporotrichoides though isolated during 

present investigation, was practically noted as rare species. 

The acidic nature of the pine forest soil probably did not 

favour the growth of this species. Several workers have 

also reported that fusarium does not eiist or survive in 

eonife~oua soils (Park, 1954; Satth, 1967; Toussoun et a1 

1969). PreddiJli ~ (1975) confirmed that presence of aoae 

toxic acids in the pine forest soil is partly responsible 

for the absence of lusarium sp. from these soils. Durinc 

the present investigation several types of phytotoxic 

compounds were detected from·the decomposing litter ot 

Pinua il•ila which probably inhibited the growth ot auch 

species. 

Prom the biochemical studies, statistically no 

correlation between dehydrogenase activities and total 

microbial pop~ation of the soil was observed (Fig.14? 

Table 33). This suggests that the two parameters are 

governed by different environmental factors. Stevenson 

(1959) also cou~d not correlate dehydrogenase activity 

aDd bacterial numbers. 'However, he noted that two 

paraaeters were parrallel during decomposition of flax 

residues added to one of the soils. Hirte (1963)and 

Gilot!! A1 (1967) also did not find any such correlation 
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In tae past few years a number of investigators 

have 4evoted considerable time to the development ot 

eazymatic tests for determining microbial activity in 

soil. However, in aost instances no relationship could be 

found between the enzyme tests and total number of 

microorganisms (Drobnik !1 Al 1955; XOepf, 1954). 

Ross ( 1973) also studied dehydrogenase activities in hard 

beech forest soil and could not establish an7 significant 

correlation with numbers of viable bacteria. 

A substantial. increase in the 4eb7drogenase 

activities vas observed in the soil by addition of glucose 

as a substrate (Fig.14). This indicates that the presence 

of carboh7drates (glucose) in the soil can aarkedly' 

influence the microbial mataboliaa in natural condition 

by increasing the efficiency of the enzyme system. This 

result is in agreement with the findings of Galstyan (1964),; 

Klss!! A! (1965); Thalman (1968); aDd Ross (1970). 

Statistically a positive correlation between Co2 
evolution aDd total microbial population of the soil was 

observed (Table 33). This suggests that the quantity ot 

Co2 evolution from the soil is partly dependent on tae 

quantity of microbes present per UDit area aDd also on 

the quantity of substrate degraded by the action of 

microbes in the soil. Barlier works of Witkamp (1966) 

and Bauzon et A! (1969) also indicated a positive 

correlations ~f Co2 production with numbers of bacteria 

in certain forest soils. Jung (1970), on the other h&Dd, 

foUDd significant correlations of Co2 production with fuaci 

in other forest soil. 
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Froa the present investigation no correlation 

could be established between dehydrogenase activities aDd 

Col evolution from the soil (Table 33). Botn the activities 

ttiffer sicnificantly under varying environmental situations 

at different time periods. This could not be accounted ttue 

to the liaitations of the methods under natural condition. 

Schaefer ~19&3); Gilot!! _. l19o7); Bauzen!! 11 {1969) 

and Ross !1 !1 (1970) did not find any correlation between 

debJdrocenaae activity aDd Co2 production in soils. 

A aigDificant correlation between deh!drogeaase 

activities, soil moisture &Dd pH suggests that enzyme 

activities in soi~ is markedly influenced by certain 

optimal range of pH and moisture content of a particular 

field soil (Table ;;). Moreover under natural conditione, 

levels of dehydrogenase ac~ities of soil aay be liaited 

by these two factors. Ross etA! (1970), also observed a 

significant correlation between dehydrogenase activities, 

soil moisture, and pH of soil at Bew Zealand UDder pasture. 

!hough the effect of moisture content on Co2 
evolution was apparent from Fig.15, yet no significant 

correlation was observed between the parameters (Table ;;). 

This indicates that either evolution of Co2 from the soil 

is not solely governed by moisture content o~ method of oo2 
determination under field condition, is not sufficiently 

sensitive to detect any correlation. Edwards (1975) also 

could not observe, any significant correlation between 

moisture and Co2 evolution rates of a mixed deciduous 

forest soil. 

Stevenson (1959) observed that microbial activit, 
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of soil fluctuates due to the decomposition of the 

organic material and corresponding changes occur in 

dehydrogenase activity and soil respiration (Oxygen 

uptake and Co2 evolution). Ia the present study no 

correlation, however, could be observed between orga•io 

matter content, oo2 evolution, dehydrogeaase activity and 

microbial population (Tab~e 3,). The possib~e explanttioa 

for such situation~ be the presence of UDifora quantity 

of organic matter in pine forest aoi1 throughout the 

observation and also due to the slow rate of decomposition 

of organic matter in this forest (Fig.15)., 

Soi~ nitrogen did not effect Co2 evolution, 

dehydrogeaase activities and total number of microbes at 

all (!able 33). fhe presence of soil nitrogen in this forest 

soil remained almost uniform throughout the year (Table 34). 

Minor fluctuation in the nitrogen content might not ha~e 

affected the soil microbial popu~ation, Co2 evolution and 

dehydrogenase activities. 



Chapter - 2 

ECOLOGY OF LEAF SURFACE MICROORGANISI~ 
OF PINE NEEDLES. 
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The aerial surfaces of higher plants growing under 

natural conQitions are usually associated with large and 

varied population of microorganisms. Some of these organ1ams 

are able to grow extensively on the surface of healthy 

plants while others are apparently onlJ able to grow 

beyond the limitations imposed by their endogenous nutrients 

when the tissues on which they occur begin to senesce or 

are physical!~ or physiologically damaged (Dickinson,1976). 

The term 'Phyilosphere' was introduced by Last (1955) to 

denote the leaf surface of plants, a term analogous to 

rhizosphere of Hiltner (1904). Last further advocated that 

it is also nutritionally rich microhabitat and provides a 

suitable substrate for the colonization and multiplication 

of microorganisms. Later on Dickinson (1965) used the term 

'Phylloplane' for phyllosphere of Last. 

Contrary to a cenerally held belief. healthy 

green leaves are superficially colonized by a colourful 

array of saprophytes many of which rarely occur in other 

ecoiogical niches. The saprophytic surface flora is of 

interest in different respects such as its possible 

antagonistic action against plant parasites, its importance 

to degrade plant waxes, to produce plant growth regulators, 

to decompose plant material after leaf fall, to trigger 

plants to produce phytoalexins, its toxic properties for 

cattle, its role in nitrogen fixation and its fmnction as a 

source for allergenic airborne spores. However, an 

understanding of their significance under field conditions 

and their possible role in leaf litter decomposition demands 

further research. The population of the world depends largely 
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upon the production of actively photosynthesizing leaves. 

Surprisingly, however, little was known of the immediate 

environment,of leaves until interest was recently diYerted 

by progress in our knowledge of .three areas; •the nature of 

the leaf surfaces, the energy budget of plants and the 

role played by the atmosphere as a medium in which a 

variety of substances and particles is suspended. · 

The existence of a three membered biological 

system host, parasite and saprophyte has only recently 

been accepted as responsible for events on lear surrace. 

After tne development of efficient trapp~ng devices as 

an aid to measure aerial dispersal of p~ant pathogens, it 

was soon realized that recognizable spores of plant 

pathogens formed only a small part of the total load of 

airborne particles, their number being augmented by spores 

and hyphal fragments of a diverse array of other microbes, 

pollen grains and atmospheric po~lutants. Field assessments 

of the acti•ity of leaf surface microorganisms in vitro are 

difficult to make. It is relatively easy to show in vitro 

that some saprophytes can erode leaf waxes which increases 

the permeability. It is, however, much more difficult to 
'l-

ascertain under field conditions the role of the 

saprophytes in regulating the permeability of leaf. fhe 

same can be said of the activities of such .saprophytes in 

influencing the activities of p~ant pathogens and their 

possible role in the decomposition of leaf litter in nature. 

Our present knowledge is not sufficient to trigger 

awareness. Puture research may enab~e us to manipulate these 
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saprophytes in a predetermined manner. 

Different methods have been used to assess 

populations of leaf surface saprophytes, but none alone 

has proved adequate. Generally, techniquesinvolved in 

such studies are leaf washing and maceration which are 

ultimatefy cultured on agar media. The methods are useful 

and they facilitate the identification of colonies but 

they rarely enable true colonizers to be·separated from 

chance contaminants. 

The present work reports a systematic investigation 

of the mycoflora of Pine needles (Pinus kesiya Royle) of 
I 

North-Eastern India and also the population dynamics of 

yeast. The findings include information regarding 

succession of the microbes on needles of different ages. 

The purpose of the phylloplane studies can briefly 

be described as follows :-

1) To understand the prese~ce of initial fungal 

colonizers on the leaf surface. 

2) To understand the source of microbes 

responsible for litter decomposition. 

3) To observe the pattern of fungal succession 

during litter decomposition. 

4) To assess the role of phyiloplane microorganisms 

in the litter decomposition. 



**************************** * * *. . . ... " 
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Brown (1922) in his experiment on leaf surrace 

e~egant~y demonstrate~ that microbes could benefit from 

nutrients available on the surfaces of leaves. A very 

great range of materials including inorganic ions, 

free sugars, am~no acies and growth .regulating 

gibberellins have been detected ~n leachates. Leaf 

surface saprophytes may affect the development of 

pathogens oy the prior s~imulation of the host to produce 

pnytoalexins. Such a ~terial was originally defined by 

Muller and Borger (1940) as an an~ibiotic which is 

produced as a result of the interaction of two metabolic 

systems, the host and the parasite and which inhibits 

the growth of microorganisms pathogenic to plants. 

The interaction of leaf surface microorganisms, 

is of paramount importance to understand the ecology of 

leaf surface microorganisms. The balancing mechanisms 

operates, however, not only between the major group of 

microorganisms but also within them. Last (1955) 

demonstrated that the population of the pink yeast 

Sporobolomyces having previous~y been isolated from the 

entire surface of wheat leaves was suddenly found 

restricted to the margins of the wheat leaves. 

Ruinen (1961) on the basis of his studies of the 

phylloplane flora of rainforest plants concluded that 

bacteria were the first colonizers of young leaves, and 

buds were the active sites of colonization. Ageing of the 

leaves results in a gradual increase of microbial cells. 

Ruinen (1961) also indicated that bacterial numbers 
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usua1ly increased significantly before appreciable 

numbers of yea$ts and filamentou~ fungi colonized green 

leaves. This view is generally accepted although it 

lacks confirmation. 

The living leaf may be colonized by population 

of parasites and saprophytes which form the first stage 

of the succession on litter. Examina~ions of living 

leaves for the determina~~on of the components of the 

ear~y stages of mycofloral succession has been carried 

out by Kendrick and Burges (1962), Hering (1965) and 

Hogg and Hudson (1966). 

Colonization of leaf surface by bacteria, yeasts 

and fungi has been a subject of research by several 

investigators. Last and Deighton (1965), ~eben (1965), 

Si·nha ( 1965) and I'.fangenot ( 1966) have reviewed such 

studies. 

In the Southern hemisphere Macauley and Thrower 

(1966) studied the parasitic mycoflora within freshly 

fallen green leaves of Bucalyptus regnan§. Hogg and 

Hudson (1966) examined young ~iving leaves of Fagus 

sylvatica and found that the first colonizer, Discu~a 

guercina (conidial state of Gnomonia errubunda) appeared 

within 3 months of unfolding of the leaves. Dickinson 

{1967) studied the fungal colonization on the leaf 

surface of Pisum sativum. He concluded that newly formed 

leaves were not rapidly colonized by mycelial fungi. 

Hudson (19o8) has emphasized the value of the studies of 

leaf surface fungi to investigate the ~coflora of living 

leaves on the tree. 
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Wardlaw (1968) observed that active bud is almost 

totally dependent on other parts of the plant for nutrients, 

which may be preferentially drawn into the bud. It is 

possible that some of these nutrients are available for 

the growth of microorganisms in spaces which remain wet 

in the bud. Davenport (1967,1968,1969) in England studied 

the important role of the apple bud in the seasonal cycle 

of epiphytic yeasts. The role of yeasts in the phylloplane 

is very important and actually very little work has been 

done on this aspect of leaf surface mierobiology. Hislop 

and Cox {1969) examined expanding apple buds as part of 

thEir study of phylloplane fungi and yeasts. 

In recent years our understanding of the complex 

surface configuration of leaves bas increased (Martin and 

Juniper, 1970). The cuticu~ar membrane, the external 

covering of epidermalcells now recognized to consist of 

several more or less distinct layers, is of paramount 

importance in determining permeability. The development oK 

microbes is effected in a variety of ways by physical 

nature of the leaf surface. Firstly it will influence the 

depth of the boundary iayer which affords protection to 

deposited propagules. It affects the balance of cuticular 

to stomatal transpiration and influences the reflectance 

of leaf and therefore its microclimate (Last and Warren, 

1972). At present little is known about the way in which 

the superficial layers of wax are developed. Rentschler 

(1971) demonstrated that wax production can be stopped 

~rreversibiy at a relatively early stage of leaf 

development by particulate polutants and fungi. The 

chemical nature of the leaf surface invariably affects the 
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growth and development of surface propagules. Pugh and 

Buckley (1971) surveyed co~onization of leaf surface by 

bacteria, yeasts and fungi. An excellent survey of 

research on phylloplane is represented by Preece and 

Dickinson (1971) in the proceedings of a symposium 

entit~ed 'Eco~ogy of leaf surface microorganisms'. 

Bailey (1971) suggested that the prior 

colonization of leaf surface by saprophytes may trigger 

the re~ease of phytoalexine capable of decreasing the 

germination and subsequent attack by pathogens. Minerals, 

free sugars, amino acids, growth regulating ~substances 

and vitamins have been detected in leachings from plant 

leaves by Tukey (1971). 

Fungi in New Zealand pastures have been studied 

by di .Menna and Parle (1970) and McKenzie (19'11). The 

effect of pollen on the leaf surface saprophyt~s has been 

worked out by Fokkema (1971). It was noted that effect of 

the pollen in the phy~losphere may be two fold : first 

the saprophytic microflora present on leaves will be 

levelled upto a higher density, secondiy, the infection 

by some pertnotropic pathogens, if present, may be 

enhanced. Stimulation wiil probably occur if the pathogens 

exhib~t certain superficial development before 

penetration. The cpnsequence of pollen on the development 

of plant diseases may «epend on the presence of an 

already established saprophytic microflora on the plant 

surfaces, on which pollen lands. 

Blakeman t and Fraser l1971) nave indicated tnat 
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microbes can add to the pool of available nutrients. 

They found that spores of Botrytig cinerea and 

Mycosphaerella liguilicola leak amino acids, and 

carboaydrates, a process occuring sooner with the former 

than with the latter. 

Little is known about the interaction of 

phylloplane bacteria with other surrace colonists. 

Phylloplane bacteria have been implicated with the 

antagonis~ of both plant pathogenic bacteria and fUngi 

{Crosse, 1971; Fraser, 1971) but the classification of 

these bacteria has been unsatisfactory and consequently, 

it is difficult to determine the identity of the 

antagonists and hence estimate their distribution in the 

natural environment. 

Mackenzie {1971) investigated the seasonal 

incidence, and possible interrelations of parasite and 

saprophytic fungi in Hyegrass and white clover pasture in 

New Zealand. In,India ~ushra and Srivastava (1971 a,b,e,d) 

investigated the leaf surface microflora of various crop 

plants but no such work on forest trees is availabLe. Last 

and warren (1972~ studied the form and functions of 

nonparasitic microbes colonizing green leaves. Bainbridge 

and Dickinson (1972) studied the effect of fungicides on 

the mycoflora of potato leaves from the time of shoot 

emergence to ~eaf senescence. Warren (1972~ stutt~ed the 

effect of pollen on leaf surface mycoflora of augarbeet 

and observed that the main colonizers grouped into pink 

yeasts, white yeasts, Cladosporium spp and Aureobasid~um 

pullulans, were all influenced by the natural presence of 
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pollen and reached high numbers on leaves in the plot 

bearing flowers. Warren (!972 b) provided circumstantial 

evidence to show that population of microorganisms 

enhanced by pollen could inhibit the development of 

Phoma batae on sugarbeet leaves. 

Fokkema (1973) studied the antagonism. of 

saprophytes against pathogens on agar plates and on 

Rye ~eaves with pollen. The phenomenon of interaction 

of Alternaria porri and saprophytic mycoflora of onion 

leaves was demonstrated by Fokkema !! !! (197b). Eokkema 

(1976) also highlightened many more phenomenon of , 

antagonism of fungal saprophytes and pathogens en aerial 

p~ant surfaces. Warren (1976) studied the controL of 

population of different yeasts and Cladosporium spp. on 

the leaves of maize and broadbean leaflets. During the 

course of investigations of leaf surface fungi on wheat 

(Triticum aestivum) Mishra and Tewari (1976) observed 

that certain saprophytes inhibited spore germination of 

Puccinia graminis tritici. This observation prompted them 

to extend their studies to explore the possibiLities of 

biological controL of the rust. 

Collins and Hayes (1976) studied the seasonal 

incidence of microbes on the surface of first year 

needles of Pinus abies (Norway spruce) in Castle over 

forest, Dimfrieshire. The saprophytic ateroflora isolated 

from bud and needLes during first year season of growth 

was characterized by a rapid increase in numbers to a 

peak value shortly after needle flushing. The pattern of 

succession and distribution of microrungi on attached 

~ 
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leaves of HippophAe rhamnoides was studied by Lindsey 

and Pugh (1976 a,b). They noted the complex nature of 

the lear surface with its dense covering of trichomes 

and the nonrandom distrib•tion of fUngi. The development 

of yeast Sporobolomyces roseus on wheat leaf surface 

was studied under various microclimate of leaf surface 

(Bashi and Fokkema, 1977). They round that Sporobolo1Y9es 

roseus developed on green wheat leaves grows equally 

weli in stimulated dew as under high ambient relative 

humidity. Dickinson and ~onell (1977) studied the 

behaviour of phylloplane fungi on Ph&seolus leaves. Their 

results support the suggestion that humidity is a prime 

factor in determining the extent of leaf colonization. 

Latch!! !l (1977) studied the fungal flora of Rye grass 

swards in Wale and found that Phoma spp were the most 

commonly isolate~ fungi, followed by Acremonium spp, 

Cladosporium spp and Tticellula aquatica. 

Brian J! !l (1977) studied the antagonistic 

interactions of phylloplane bacteria with Drechslera 

dictyoides in vitro and vivo experiments. It was deduced 

that their mode of activity included an initial 

inhibition of spore germination, a retardation in the rate 

of germ tube elongation and ultimately lysis of the 

hyphae. Fo:ater (1977) studied the erfect of leaf surrace~ 

wax on the deposition of airborne propagules and concluded 

that deposition of wax has significant effect in increasing 

the capture of propagules from the atmosphere and in the 

establishment of the phylloplane flora. 

Studies on leaf surface microflora colonizing the 
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piae aee4les at different stages of growth and their 

role ·in pine litter decomposition is lacking tor our 

country. Therefore present investigation was undertaken. 



***************************** 
* * • • •• 
• • 
~ MATERIALS AND METHODS 1t . ' 

* 
'***************************' 
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The present investigation was carried out in 

the same experimental forest where the soil microflora 

was studied. The detailed description of the forest 

site is given in the chapter general introduction. In 

this investigation two parameters veft_~ooneideHcl· · 1 

(1) DYnamics of Fungal population of green and senescent 

Rine needles - The emperiment was conducted for a period 

of eleven months. Two pine plantations (1955 and ·1970) 

were selected for the collection of the needles for 

isolation of mycoflora. The aim of this experiment was 

to assess the mycoflora of green and senescent needles, 

and the effect of ageing of the needles on the qualit.y 

and quantity of leaf surface fungi. The experiment< 1_ was 

conducted in case of two age groups of plantations. 

Senescent aDd green pine needles from both the 

plantations were collected from the month of November 76 

upto September 77 at two months interval.~ive trees in 

each case were selected for the sampling and the needles 

after random collection were mixed thoroughly in an 

aseptic condition. 

(2) Fungal population of leaf surface of pine 

needles from folding to senescent to litter stages -

Thi~ experiment was performed far a period of 

two years till the needles entered into the litter 

stage. The experiment was performed in 1970 pine 

plantation only. The aim of this experiment was to 

evaluate the saprophytic activity on the leaf surface 

of Pine during different degrees of maturity of the 
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needles and to assess the pattern of fungal succession 

on needles before and after leaf fall. The overall aim 

of the experiment was to determine the nature of initial 

colonizers on leaf surface and their role in pine litter 

decomposition, under natural condition after leaf fall. 

The experiment was conducted from the month of 

March 1976 to April 1978. Five pine trees of equal 

height were selected to collect the leaf samples 

throughout the study period. From each tree, sample~ 

were collected at random from approximately equal 

height of the trees. 

Five replicate samples were collected when the 

needles were at different degrees of maturity after 

flushing as folding (bud), unfolding (buds opened) and 

young expanding green needles upto the needles ~ich 

entered into the litter stage. 

The first, second and third samplings were done 

on 25th.March, 25th.April and 25th.July 1976 

respectively, ~hen the needles were in folding (bud), 

untoMing (buds opened) and young expanding green stages. 

The fourth sampling of the needles was done on 

25th.November 76 when the needles were mature. Subsequent 

samplings of the needles from senescent to litter stages 

were done at one month intertal far a period of sixteen 

months upto April 1978 till the needles entered into 

the litter stage. The samples collected from the month 

of January 1977 upto September 1977 were found to be 

senescent. Collection of the needles as pine litter was 
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followed from the month of October 77 to April 78.­

Collection of the samples - During each collection 

the samples were collected in previously sterilized 

polythene bags using sterilized scissors and forceps. 

The bags were properly sealed and transported to the 

laboratory and the leaves were used on the same day 

for the isolation of mycoflora. On a few occasions when 

isolation could not be done the sameday, the sample 

were stored overnight at 4°0 (Rascoe 197~). Additional 

samples were collected for the determination of moisture 

content and pH. 

Isolation of MYcoflora - A combination of cultural 

isolation and direct microscopic methods was employed 

as advocated by Dickinson (1967,1971) and Last and 

Warren (1972) to get a comprehensive picture of tbe 

microflora. At first direct microscopy of the needles 

was done for several times but the fungi could not be 

identified due to lack of adequate mycelia and fruiting 

bodies. Only presence of spores was encountered during 

the direct microscopy and therefore the needles were cut 

into pieces and incubated on the surface of Rose bengal 

agar medium to enhance the growth of the fungi. 

During·eaoh isolation yeast flora of pine needles 

was also considered. 

For the assessment of surface mycoflora of 

needles, dilution plate method was followed. Dextrose 

peptone agar containing 1/~0009 rose bengal and 30 Mg/lit, 

streptomycin (Martin, 1950) was used for the isolation of 

microfungi and yeast. Czape~s dox agar and Malt extract 
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agar media were also tried but Martin's rose bengal 

agar medium was found to be more suitable. Composition 

of the medium is deacribed in the materials and 

methods (Chapter 1}. 

Before preparation of the dilution series the 

pine needles were cut into small pieces with the help 

of. ~--sterilized scissor.tand foreceps in a laminar flow 

chamber to avoid contamination and were mixed 

thoroughly from replicate samples. In each case one g 

(on wet weight basis) sample was taken in a 250 m1 

sterilized conical flask containing 100 ml sterilized 

distilled water. Flasks were shaken vigorously for 

30 minutes by hand to detach the surface propagules. 

Ten ml of the suspension was rapidly transferred in 

another 250 ml sterilized conical flask containing 

90 ml sterilized distilled water with the help of a 

sterilized 10 ml pippete. Dilution of 1:1000 was found 

to be suitable for the isolation of mycoflora of pine 

needles. Separate sterilized pippets were used in 

preparing each dilution.0.5 ml of 1:1000 diluted 

suspension was tranaferret with the help of a sterilized 

pippet on solid agar media. The suspension was gently 

spread uniformly over the surface of the media. Three 

replicate plates were inoculated in each case and the 

plates were incubated in a BOD incubator at 25°0 for a 

period of 4-5 days. Fungal colonies including yeasts 

growing on to the agar were recorded with the help of a 

digital colony counter and the total number of fungi 

including yeast was calculated on the basis of dry 
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weight of the sample taking dilution factor into 

consideration. Identification of microfunsi and yeast 

upto generic level and wherever possible upto species 

level was done following the manual of Gilman (1956), 

Barnett (1972) and Subramanian (1971). 

For the isolation of internal colonizers, five 

pieces of pine needles for each sample were surface 

sterilized in mercuric chloride solution (1/10000 with 

5% industrial alcohol) for 1 min. (Hering, 1965). The 

pieces were then thoroughly washed several times using 

sterilized dietilled water to remove all traces of 

mercuric chloride and plated on to the Martin's rose 

Bengal agar. The plates were incubated at 25°C in a 
" BOD incubator for a period of 3-4 days after which the 

pieces of the needles were removed and teased gently 

with the help of a sterilized forceps on a sterilized 

glass slide and were stained with lactophenol 

cottonblue and observed under high resolution of 

microscopic field. In each case five pieces were examined 

to observe internal fungal colonies • Counts were made on 

the basis of various fungal and mycelial growth in the 

needles and their colonies on the medium were identified. 

The results of the dilution plate method were 

represented in terms of percentage relative abundance 

and percentage frequency of fungi observed or isolated. 

The result of surface sterilized needles were recorded 

in terms of percentage frequency only {Vittal, 1976). 

Qnsteri~Ze~ l&af pieces were also incubated in 
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sterilized moist chamber at 25°C for 2-3 weeks for 

the record of fungi. This practice was followed for 

6 months in the beginning but the species isolated 

were not different ~rom those obtained from by 

dilution plate method and hence this method was 

discontinued. 

pH amd moisture content of the needles 

Moisture content and pH of the needles during different 

samplings were determined by oven dry method and 

electric pH meter respectively. 

Meteriological observation - Atmospheric 

temperature, rainfall were recorded throughout the 

investigation. 



1***********************1 ... . . ., 
~ RESULTS ~ 
~ * . ' 
'***********************'' 
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The experimental findings are presented in tbe 

folloWing order -

1. Quantitative assessment of the fungal and 

yeast population of the phylloplane of green and 

senescent pine needles of 1955 and 1970 plantation in 

different sampling periods are represented in the Figs. 

16-17. Statistical analyses of the results are depicted 

in the Tables 35-42. 

2. Records of the percentage relative abundance 

and percentage frequency of fungal species on green and 

senescent pine needles of 1955 and 1970 plantations in 

different sampling periods are given in the Tables 43-46 

and Figs.18-19. 

3. Quantitative assessment of fungal and yeast 

population from folded to litter stages of pine needles 

of 1970 plantation is depicted in the Fig.20. 

4. Records of percentage relative abundance, 

frequency and succession of fungal species on folded to 

litter stages of pine needles of 1970 plantation is 

represented in the Tables 47-52. Also the records of 

internal colonizers of surface sterilized needles at 

different stages of maturitr is given in the Tables 53-58. 

5. Records of pH and moisture content of the 

Pine needles at different stages of maturity is depicted 

in the table 59. 

6. Climat~ data in the form of graph is given in 

the Fig.13. 
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1. Quantitative assessment o! fungal and yeast 

population of the pbylloplane of green and senescent 

pine needles of 1955 and 1970 plantation :-

The fungal and yeast population on the 

phylloplane of green pine needles was observed to be 

always lower than that of the senescent needles, and 

this trend in the population was similar for both the 

plantations (Figs.16 and 17). The fungal and yeast 

population of the senescent pine needles increased 

gradually in both the plantations. In 1955 plantation 

the fungal and yeast population at the senescent stage 

was minimum in the beginning i.e. in the month of 

November and gradually tbe fungal population increased 

and attained its peak in the month of July whereas 

yeast attained the peak in the month of May. Almost 

similar result was observed for 1970 plantation, where 

the fungal and yeast population of the senescent pine 

needles was also observed to be minimum in the beginning 

i.e. in the month of November. Fungal and yeast 

population gradually, increased and attained its peak in 

the month of May. 

The fungal population on the phylloplane of 

green needles of 1955 plantation was also observed to 

be minimum in the beginning i.e.in the month of November. 

The population of both Micro fungi and yeast increased 

gradually and attained the peak in the months of July 

and May respectively (Fig.16). Almost similar result was 

observed for 1970 plantation too, except that the peak 



in the population of and yeast on the green 

needles was found to be in the month of September and 

May respectively (Fig.17). 

Statistically no significant variations could 

be observed in the fungal and yeast population of 

green and senescent pine needles between two 

plantations and between different seasons (Tables 35, 

36, 39, 40). There was, however, a significant 

variation in the phylloplane fungal population between 

green and senescent pine needles of 1955 plantation 

(Table 37). This variation in the pbylloplane fungal 

population between green and senescent pine needles 

of 1970 plantation was observed to be statistically 

not significant (Tabl• 38). In both the plantations 

statistically there was no .significant effect of 

seasons on the phylloplane yeast and fungal population 

of green and senescent needles. 

2. Percentage relative abundance and freauency of 

fUngal species on green and senescent needles :-

Fo~teen species, viz. one phycomycetes, nine 

fungi imperfect!, two sterile mycelia and two yeasts 

were isolated from the phylloplane of senescent pine 

needles of 1955 plantation {Table 43) whereas only 

nine species were isolated from the phylloplane of 

green needles (Table 44). 

Penicillium chrysoeenum, Sporobolomyces roseus, 

Cladosporium herbarum and sterile white mycelia were 

dominant species on phylloplane of senescent pine 
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needles of 1955 plantation (Table 43). 

It was observed that percentage relative 

abundance of Sporobolomyces roseus on the senescent 

needles was higher than any other species recorded 

and highest relative abundance of this species was 

recorded in the month of July (Fig.18). Though 

Penicillium chrxsogenum,Clado!porium herbarum and 

sterile White mycelia were recorded as dominant 

fungal species on senescent needles yet their 

relative abundance was very low. Highest number of 

fungal species on senescent needles was recorded in 

the month of November and September (~able 43). Mijco' 

hiemalis, Aspergillus fumigatus, Geotriahum sp, 

Alternaria tenuis and Vertici.lium sp occured as rare 

phylloplane mycoflora on senescent needles (Table 43). 

Fungal species recorded from the green pine 

needles of the same plantation were Ptnicillium 

chrysogenum and sterile white mycelia as rar~ 

Sporobolomyces roseus and Cladosporium herbarum as 

frequent and common species respectively (Table 44). 

It was observed that Sporoboloeyces roseus and 

Aureobasidium pullulans appeared with high re1ative 

abundance than any other fungal species on green needles 

(Table 44 and Fig.18). 

Nine fungal species were isolated from the 

phylloplane of green and thirteen species from 

senescent pine needles of 1970 plantation (Tables 46,46). 

Cladosporium berbarum and sterile white mycelia were 
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recorded as dominant fungi of both the green and 

senescent needles. Prom the senescent needles highest 

number of fungal species was isolated in the month of 

March whereas July and September yielded the highest 

number of fungi on the green needles (Tables 46,45 

and Fig.19). 

3. Qqantitative assessment of fUngal ~~nd yeast 

population of pine needles from folded to senescent 

to litter stages :-

During the two years period of studies it has 

been observed that the microfungal and yeast population 

of the phylloplane of pine needles increased graduall1 

from folded (bud stage) to senescent and to those 

which entered into litter stage (Fig.20). The peak of 

both microfungi and yeast was attained at the litter 

stage (Fig.20). The least microfUngal population was 

observed on the needles at the bud or folded stage soon 

after fluShing, whereas the least population of yeast 

was noted at unfolded stage. It was also observed that 

the total number of microfungi on pine needles at its 

different stages of growth fluctuated with increase in 

the population of yeast. 

The moisture content of pine needles at 

different stages of maturity varied. More than seventy 

percent moisture content in the needle was observed 

during its young stage (Fig.20). During senescent 

stage the moisture content abruptly dropped even below 

ten percent but it increased again when the needles 
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entered into litter stages (Pig.20). It bas also been 

observed that the microfungal and yeast population of 

tbe phylloplane of pine needles at different stages of 

maturity responded directly to the moisture content 

of the needles (Fig.20). 

4. Records of percentage relative abundance, freguencoc 

and pattern of succession of fungi on pine needles from 

folded to litter stages :-

a) Percentage relative abundance and 

frequency of fungi :-

Only seven fungal species viz., one ascomycetes, 

three deuteromycetes, one sterile white mycelia, and 

two yeast species were isolated from the phylloplane of 

needles at the bud stage (Table 47). Sporobolomyces 

roseus and Penicillium chrysogenum were found to be the 

dominant (Table 47). Sporobolo!Ycea rpseus, Aureobasidium 

pullulans and Geotrichum sp were commonly found to be 

very active at this stage.It was observed that during 

each sampling of folded needles {buds) the percentage 

relative abundance of Sporobolomypes roseua was higher 

than any other species. The relative abundance of 

Aureobasidium pullulans and Penicillium chrysogenum 

was also high during different samplings of folded 

needles (Table 47). Cladosporium herbarum another very 

commonly occuring fungus of this region was found to 

be a rare species on the needles at bud stage. The 

relative abundance of sterile white mycelia a 

unidentified fungus was also higher than many other 

fungal species. 
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Seven fungal species viz., ~our members of 

deuteromycet~s, one sterile white mycelia, and two 

yeasts were isolated from the phylloplane of unfolded 

pine needles (Table 48). Sporobolomtces roseus, 

Penicillium chrysogenum, and a sterile white mycelta 

were found to be dominant on the unfolded needles 

(i.e. the needles just opened from a outer sheath) 

{Table 48). Sporobolomxces roseus, Aureobasidium 

pullulans, Penicillium chrysogenum and a sterile 

white mycelia (?) were very active on the unfolded 

pine needles. The relative abundance of Sporobolomfces 

roseus, Penicillium chryaogenum was found to be higher 

than any other fungal species. The relative abundance 

of sterile white mycelia was fairly high than the rest 

of the fungi isolated (Table 48). 

Only six fungal species, viz., three members 

of deuteromycetes, one sterile white mycelia and two 

yeasts were isolated from the young expanding green 

needles (Table 49). Cladosporium herbarum, Penicillium 

chrysogenum, and sterile white mycelia were found to be 

the dominant on the phylloplane of young expanding 

green needles. The ;activities of yeast species were 

quite less at this stage (Table 49). Aureobasidium 

pullulans was found to be rare at this stage. The 

relative abundance of Cladosporium herbarqm and sterile 

white mycelia during different samplings was higher 

than the other fungal species (Table 49). , 
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Penicillium chrxsogenum though was recorded as a 

dominant fungus on young expanding green pine needles 

its relative abundance was very low. Fleochaeta setosa 

a deuteromycetes was very common fUngus on the needles 

at this stage. 

Nine fungal species, viz., one phycomycetjs, 

five members of deuteromycetes, one sterile white 

mycelia and two yeasts were isolated from the 

phylloplane of matured green needles (Table 50). 

Cladosporium herbarum and sterile white mycelia were 

the dominant fungi. Sporobolomxces roseB§, and 

Aureobasidium pullulans though were not dominant on 

matured green needles yet their percentage relative 

abundance was fairly high. The relative abundance of 

Cladosporium herbarum and sterile white mycelia was 

also high on the phylloplane of matured green needles 

(Table 50). 

It was observed that the total number of fungal 

species increased on the phylloplane of needles when 

the latter entered into senescent stage (Table 51). Ten 

fungal species, viz., one phycomycetes, one sterile 

white mycelia, two yeast species and six fungi 

imperfecti were isolated from the phylloplane of 

senescent needles. Cladosporium herbarum and sterile 

white mycelia were found to be dominant at this stage. 

Many species like Penicillium 9hrysogenum, Trichoderma 

viride, Fusarium sp, Verticillium sp and a few otherl 

were recorded as rare fungi on the senescent needles 
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(Tab1e 51). 

The maximum number of species was recorded 

when the needles entered into litter stage. Thirteen 

fungal species, viz., one phycomycetes, one 

ascomycetes, one sterile white mycelia, two yeast 

species and eight fungi imperfecti were isolated. The 

activity of SporobolomYces roseus was very high during 

the litter stage {Table 52). Sporobolomycee roseue and 

Cladosporium herbarum were the dominants. Sporobolomrceg 

roaeus showed the highest relative abundance on the 

needles at this stage (Table 52). Many soil fungi like 

Trichoderma viride, fusarium sporotrichoides and Phoma 

humicola appeared on the litter. 

b) Internal fungal colonizers of pine needles from 

folded to litter stages :-

It was observed from this experiment that the 

internal fungal colonists were very mUch different from 

the phylloplane of pine needles. One sterile white 

mycelia was always recorded internally from folded to 

litter stages (Tables 53-58). Sporobolomyces roseus, 

sterile white mycelia and Pleochaeta aetosa were found 

to be dominant internally at bud stage. The former two 

fungal species were dominant internally at unfolded 

stage also. Papullaria was also a frequently occuring 

species internally at this stage. Sterile white mycelia 

was dominant as an internal fungus in young expanding 

green needles. Pleochaeta setosa and Stemphyllium sp. 

were recorded as frequent and common species 
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respectively. A1ternaria tenuis and Aspergillus 

fumigatus were associated internally with the needles 

when it reached at matured green stage. Sterile white 

mycelia was found to be dominant internally at this 

stage. When pine needles entered into senescent and 

litter stages more fungal species were noted to be 

present internally. Sterile white mycelia was isolated 

as dominant fungi internally from senescent to litter 

stages of the needles. 

c) Pattern of succession of fungi on pine needle§ 

from folding to litter stages :-

A gradual transition in the quality of 

phylloplane fungi occured from the bud to senescent to 

litter stages of the needles. 

Penicillium chrysogenum, sterile white mycelia 

and Sporobolomyces roseus were the dominant forms 

immediately after flushing (Tables 46,47). When the 

needles were undergoing maturation and entered into 

the senescent stage Cladosporium herbarum and sterile 

white mycelia outnumbered Penicillium chtysogenum and 

and Sporobolomyces roseus and they became the dominant 

forms (Tables 48-50). 

At the latter stage Sporobolomyces roseus and 

Cladosporium herbarum outnumbered sterile white mycelia 

and they dominated the. phylloplane of leaf litter. 

Other forma like Trichoderma viride, Phoma humicola and 

Fusarium sporotrichoides appeared during the latter 

stage (Table 51). 



Figure - 16 Seasonal variation in microfungal 

and yeast po1mlation on attached 

senescrnt 8nd gr~en needles collec­

ted fron selected ~±ne trees of 

1955 plantation. 
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Figure - 17 Seasonal variation in microfungal and 

yeast popul0tion on attached senescent 

and green pine needles collectelf from 

selected pine trees of 1970 plantation. 
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Figure - 18 Seasonal v~riation i~ percentage 

relative abundance o£.' C.ifferent 

fungal species occured on green 

and senesce11t pine needles of 

1955 plantation. 

1 == ITuco1· 1-:.iemalis, 2 = "lmidenti­

fiPo sphaerop~,sid ales, 

;. =- Chaetonella sp., 4 = Jeotrichum 

sp., 5 = ~richoderwa viride, 

6 = ..... s-pergillus fu:r..i~atus, 

7 = l)enicilliULu cllrvso,;enurrt, 

8 = Vf)rticilliu.w sp., 9 =Cladosporium 

herbarun1, 10 == A l ternari'Ci tenuis, 

11 == Jterile >;·;hi te mycelia, 12 = Sterile 

blevck m~rcelj n, 13 = i:3poro bolo_.wces 

ros eus, 14 == Aure o b<18 ~ d hm pullulans. 
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Fi~re - 19 Seasonal variation in the 

percentaee relB tive abundance of 

different funga~ species occured 

on green and seite scent pine :n12edle s 

of 197J plant~~ior-. 

1 =~~cor hiemalis, 2 = ~r~choderma 

vi ride, 3 = Penicil.Lium chr.~rsogenu1~1 

4 = Cladosporium herbarum, 

5 = Al terna.c ia t enul s, G == 1;,usari um 

sporotrichoides, 7 = Sporobolomyces 

roseus, 8 = AureolJas-iclium oullulans, 

9 = Sterile \{hi te mycelia. 
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Figure - 20 Histo,::;rams shoNint; seasonal variation 

in fungal j:.' !ld yec;.st population on 

pine nredles durin~ different stages 

of matt--._rat:i_on (:tach point repre::::>ents 

uiean of five samplin<;s). 
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A perusal of the figures 16, 17 and 20 suggests 

that low fungal and yeast population on young green 

needles may be due to poor nutrient status and 

production of more antimicrobial substances on the 

needle surface. Cholodney (1932), Tukey and Morgan 

(1963).pointed out that although young leaves appear 

delicate and fragile, they are less susceptible to 

leaching than are the older leaves. At present no data 

is available on the nutrient status of the needles of 

Pinus kesiya at different stages of its growth nor any 

data is available on the quality and quantity of 

antimicrobial substances present on the needles at 

different stages of growth which influence the 

saprophytic activity on phylloplane. This aspect of 

phylloplane studies of Pinus kesiya will be worth 

undertaking in future. Dickinson (1967) also advocated 

that increased activity of saprophytes on senescent 

leaves may be primarily a result of alterations in leaf 
-

physiology. He also noticed a rapid increase in the 

fungal and yeast population associated with leaf 

senescenee of Pisum and other leaves. Bailey (1969) has 

suggested that active phylloplane growth which occurs 

while leaves senesce may be the result of decrease in 

phytoalexin production. Leaching of phenolic compounds 

(anti-fungal substance) from leaf surface have been 

ruled out by ~<!organ and Tukey ( 1964 ) • 

di Menna (1971) also observed that numbers of 

moulds and yeasts/g leaves were greater on litter and 

senescent leaves than young leaves. Sinha (1971) 
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observed a similar i•crease ia the micreflora oa elier 

leaves thaa yeuDg leaves of some agricultural crop 

plaats. Dickinson!! !1 (1976) also ebservei a largo 

increase ia the population of yeasts aBd filameateus 

fungi en ageing green leaves of winter wheat. Misara 

a•a Tewari (1976) accounted that amount of sugars ant 

amiae acids leached frea the leaf surface increase with 

age of the leaves •. Ia our present study also the 

seftesoent aeedles presumably leached higher amounts of 

nutrients as it was observed in the litter decomposition 

studies in the Chapter 3 that senescent piae needles 

contained higher amount of amino acids aDd seluble 

carbo-hydraies, which favoured the growth ef higher 

fungal ami yeast pepulatien •• senescent needles. 

Higher counts of fungal aDd yeast population 

was observed duri•g summer (May-Septemberj peri•ds en 

green and senescent needles ef beth the plantatien 

where as lew population was observed duriag winter 

season (November-January) {Figs'.16,17). This variation 

ia counts of fungi and yeast was mainly aue t• the 

fluctuation in the quantity of ClaltsperiYE aerbarua• 

Sp•rebolemyces roseus ani Aureebasidiua pullulans 

duri•g the periods. The fluctuation in ~tmospheric 

temperature, rainfall and humidity of the regien 

prebably af~eoted the micrebial pepulati•• ia the 

e•vire.-e•t (Tables 43-46 ani Fig.13). Atmospheric 

temperature, rainfall and humiaity ef the regie• haa 

prefeuad effects •• the n•rmal distributiea of the 
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airspera (Mishra, 1971). Ruscee (1971) also ebserved 

a peak in fumgal activity in summer en ~~~na~ and 

iead leaves of Nothefagus truncata. An eccaaienal 

higher ceuats in the fungal population oa greea ani 

senescent needles was recorded in January due te the 

increase in the population ef Claiesperium herbarum 

and Sperebelemzces reseus ~uring that peried . 

(Figs.16,17,18,19). Mishra and Srivastava (1970) alse 

recorded that Cladosporium was abuniantly present .en 

the llYiD«·. and deai leaves of the plants during 
/ ' 

wiater season. 

The studies on the phylloplane ef pine needles 

from folded (buds) te litter stage suggests that the 

higher population ef fUngi aDd yeasts en litter may be 

due te the removal ef waxy materials present •• the 

pine needles by the actien of higher population of 

yeasts (Fig.20). Low population en the folded (buds) 

needles to young matured needles was perhaps due to 
' . 

the presence ef thick waxy cuticle en the needles 

(Fig.20). Waxes have been shewn to contain antifungal 

compounds as demonstrated by Blakeman!!~ (1973), 

which iacrease the resistance of the yauager needles te 

fungal pathogens and affect the leaching of nutrients. 

An increase in moisture content of the nee4les 

at litter stage even above 60% level, favoured the 

growth of saprophytic fungi and yeasts on the 

iecempesing litter. Increase in mGistur~ content, 

hewever, did not faveur the growth ef tungi and ,_asts 
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on young needles (Fig.20). This suggests that young 

aotively growing tissue is relatively immune to 

leaohi•g of mineral nutrients, oarbehydrates aRd 

amineaoids on the surface due to the hJdrophobic' 

nature (Tukey 1971), which makes the young needles 

as peer habitat fer miorebes. This hydrophJbY ef young 

needles deoreases with the maturity ef needles. 

Mature tissue approaching senescence is very :·. · .. · · 

susceptible to leaching (Schoch, 1955).Such leaves 

with increased nutrieat status are mere faveurable 

habitat fer the growth of the microbes. The higher 

meisture centeat ef the (meribeuad needles) litter 

(Table 59, Fig.20) enveuraged the leaching ef 

nutrients •• the surface of the needles which 

,·favoured the growth of fungal and yeast pepulatien 

vigereu.sly. 

pH ef the needles which varied frem felded te 

litter stage (Table 59) did net affect much the pattera 

ef cel•nization of pine needles by different microfungi. 

The eccurence ef mere fungal species en 

senescent needles which eater iate litter stage suggests 

that by the time the needles fall •• the surface of the 

forest fleer they are substantially celonized by a 

variety of saprophytic and parasitic fungi (Tables 43, 

45,51,52,57,58). Leaves ef Pinus sxlyestrie (Keadrick 

aai Burges, 1962), Fagus sylvatica (Hogg aad Hudson, 

1966) and Eucalyptus repuma -(Macauley aad Thrower, 1966), 
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have all been feuad te be colonized by a variety ef 

p•rasitic and saprephytic fungi prier to leaf fall. 

Sporebolomxces roseus was iselated with 

relatively higher pepulation from senescent ani litter 

leaves and also during early stage of needles (felded 

to unfoldea stage) immediately after flushing 

(Tables 43,45,47,48,52) (Figs.18,19). This indicates 

that the organism is a primary colonizer of pine 

needles, whose grewth on phylloplane increase with 

increase ef the age ef the needles. 

The increase in the population of Sporobolemxces 

roaeus en senescent and green needles during summer 

(May-September) may be cerrelated w!th the increase in 

the atmespheric temperature of the lecality as well as 

its prebabl' increase in air during this periods. This 

sharp iacrease in numbers of S. re1eus has been 

ebserved •• the leaves ef several plaats (Last, 1955; 

ii Menna,1959; Pugh and Buckley,1971). This has been 
~~o 

attributed te the rise in temperature (di Menna,1959) 

aDd has also)been cerrelated with leaf age and numbers 

ef S. reseus in the air spera at that7.time (Laat,1955). 

The presence of Cladosperium herbarum with 

fairly high frequency on pine needles at all stages 

immediately after flushiag specially on senescent 

needles suggests that it is an active colonizer of piRe 

needles (Tables 43-52). Senescent needles encourage 

mere luxariant growth of Cladosporium. Kerling (1964) 
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also ebserved an increaae of C1adosporium ep. en 

senescent rye leaves. Cladosporium htrbarum has beea 

isolated previously from leaves of all ages from 

apple (Hislop and Cos, 1969), beech (Hogg and Hudson 

1966) and birchJhazel and ash (Hering 1965). The 

higher population ef Cladosporium berbarum oa both 

green and senescent needles during winter season 

{November-January) reveals that lower atmospheric 

temperature, scanty rainfall and presence of higher 

amount ef ••• on leaf surface probably favoured the 

growth of this species during winter {Figs.18,19). 

Mishra and Srivastava (1970) also observed that 

Cladosporium herbarum was abundantly present on the 

.~1!~: and dead leaves of the plants during wi•ter 

seaso» in Gorakhpur. 

Aureobasidium pullulans has beea isolated 

from very young needles {folded and unfolded) aDd it 

has actually colonized the phylloplane of young green 

needles (Tables 44,46,47,48). It formed vigorously 

growing colonies whose development declined on litter 

after leaf fall {Table 52). A· pullulans has beea 

isolated trem very youag tissues (unfolded leaves) by 

ether werkers (Hudson and Webster. 1958; Smithaaa 

Wieria~, 1953). Ruscoe (1971) cultured A· pullulane 

from the pbylloplaae of very young leaves of 

Nothofagus truacata and observed ·vigorously growiag 

colonies whose develepment increased with increasiag 

leaf age and then declined at leaf fall. Godfrey {1974) 
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isolated~ pullalans on Pteridium aguili)Wnfrom 

June and Last !! ~ (1972) observed abundance of 

~ pullulans on green leaves from July. In the 

present study, however, the incidence of ~ pullu1ans 

en both senescent and green pine needles was recorded 

from the month of March, and the population attained 

~peak in May and·declined thereafter (Figs.18,19). 

The peak population of this species in the month of 

MayJmay be explained in terms of high growth rates 

induced by high ambient temperature and sufficient 

moisture in the atmosphere. The fall in population 

after May is probably due to high rainfall during 

June-July which washed down the fungus from the leaf 

surface {Fig.13). 

A large number of sterile white mycelia was 

regularly isolated both internally and externally from 

the pine needles of all ages immediately after flushiag 

(Tables 53-58 and 43-52). From its high frequency of 

isolation and occurence it may be assumed that it is one 

of the important colonizers of pine needles whose growth 

was not regulated by the age of piae needles. This is 

because the fungus was also present even after leaf tall 

aDd duriug decomposition of pine aeedles .on forest floor. 

The variation in its frequency of eccurence ami population 

was geverned rather by the variation in the atmospheric 

temperature, rainfall, humidity of the locality. Ruecee 

(1971) isolated a large number of sterile hyaline aad 

dark mycelia from liviag and dead leaves of Nothofague 
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truncata. From this study it has been revealed that 

it is eae of the important colonizers of Pine needles 

of this region, whose importance on the phylloplane 

needs detailed iavestigation in coanection with host 

parasite relationship, physiology aJld taxonomy. 

Penicillium chrYsogenum was observed to be a 

significant superficial colonist and was present on 

needles of all ages (Tables 43-52). This suggests 

that its growth was not supported by tae age of 

the needles but was more profoundly affected by the 

different environmental fa~tore, which is in agreement 

with the result of Ruscoe (1971) who also isolated 

Penicillium Sp. from the leaves of Noth9fagus truacata 

of all ages. Prevalence of this species on different 

age of the needles reflefted the abundance of this 

species in the airspora during different sampling 

periods (Gregory alld Hirst, 1957). 

Other fungi which were recorded both by dilution 

plate method and surface sterilized needles (Tables 

47-52, 53-58) of different ages,occured sporadically and 

were restricted in the needles of different ages. 

Somewhat similar restricted occurence of fUngi on 

coniferous needles was reported by Brandsberg (1969). 



Cltapter - 3 

MICROBIAL DECOMPOSITION OF PINE LEAF LITTER. 



************************* * * ,. . . . . . . . 
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Plant litter decomposition is one of the most 

important phenomenon in any forest ~cosystems. 

(Rosswa11 ~ ~ 1975). In order to understand the 

dynamics of forest ecosystem a number of studies 

have been made on litter fall, a major pathway for 

both nutrient and energy transfer (Bray and Gorham, 

1964). Several studies indicate that in temperate 

deciduous forests app~ximately 70% of the annual 

uptake of macro-nutrients {N,P,K, Ca and Mg) are 

returned via litterfall (D~gneaud !! !!, 1970). As 

indicated by Olson (1963), many Tundra ecosystems 

accumulate organic matter, which is caused by low 

rates of decomposition. Large amounts of nutrients 

are thus locked up in the organic matter, and are not 

available to the plants until mineralized by 

microorganisms. Therefore, the role of microorganisms 

in plant litter decomposition is of ,aramount 

importance in recycling of the nutrients. The decayed 

lignified plant tissues are attacked on the surface 

of the soil or in its upper layers first of all by 

fungi, Which thus become instigators of the 

decomposition of this comparatively resistant .ate~. 

~hts-j~ma~t:•ttack which often transforms to a great 

extent the original substrate is naturally activated by 

the action of other components of soil microflora and 

proceeds towards further mineralization {Vladimir, 1970). 

Dead organic matter constitutes one of the most 
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widely available sources of energy in the soil 

environment (Gray and Williams, 1971 ). Plant litter 

reaching tbe soil surface is immediately attacked by 

soil animals aad microbes so that new substrates are 

formed and substances released during the process 

pass down the soil profile. The importance of this 

fact has been realised and it has become more desirable 

to understand the problem after the researches of 

Patrick (1971), Patrick and Toussoun {1965), Patrick 

!i !l {1963, 1964) who reported tbe release of toxic 

substances during the decomposition of plant 

material. They fUrther advocated that the nature and 

amount of toxic substances vary during decomposition 

with changed soil environment. 

The fertilit.f level and germination of seed 

sown in the field may be affected by toxic substances 

produced by decomposing plant litter. In some cases 

certain microbes associated with de9omposing materials 

may also affect the sown seeds. The microtungal flora 

associated with decomposition process of the plant 

organs are highly influenced by environmental condition 

in which the plant is growing. Even in the case of 

fallen plant leaves, various degrees of decomposition 

viz; brown, blackish brown, decayed and heavily decayed 

are results of both the natural environment and fungal 

succession (Tubaki!!!! 1971).Various types of plant 

litter were recognized by Muller (1887) on the basis of 

their rates of incorporation into the soil. The slowly 
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decomposing litter forming a layer several 

centimeters thick over the soil surface, was termed 

'mor' and is characteristic of coniferous forests. 

Examination of the litter in a pine forest by 

Kendrick and Burges {1962) exhibited several distinct 

layers viz.; L, F1, F2, H, each containing needles at 

different stages of decomposition. Kendrick and 

Burges (1962) have estimated that Pinus sylvestris 

needles spend about 6 months in the L layer, 2 years 

in the F1 and 7 years in the F2 before they became 

incorporated into the humus layer.However, during this 

process of decomposition of needles some soluble 

substances are released and leached into the soil by 

rain which my get into the soil quite quickly (Gray 

and Williams, 1971 ). 

Succession on the leaves and constant patterns 

of decomposition of the organs by microfungi have been 

studied by Dickinson and Morgan-Jones (1966). 

Dickinson (1965) noted that t~ee groups of phylloplane 

fungi are associated with Halimione leaves : those 

present only as propagules on the leaves, those growing 

actively and sporing on the leaves, and thirdly a 

group which only produce vegetative mycelium while the 

leaves remain green. At the onset of senescence, fungi 

in the latter group may sporulate and the leaf is also 

invaded by a number of saprophytes not actively 

associated with the phylloplane. However, notdaU:Ch 

has been known about the patterns of the first invaders 

• 
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and their activities during the decay of the leaves 

either on the plant or on the litter surface for 

which the present investigation was under~aken. 

The present investigation was aimed to study 

the following facta : 

1) The effect of climatic fluctuations and 

age of the pine plantations on the occurence of litter 

decomposing microbes. 

2) Pattern of fUngal succession during pine 

litter decomposition. 

~rRate of pine litter decomposition under the 

stress of climate of tbis region. 

~To assess the microbial activity during 

litter decomposition by determining rate of substrate 

weight loss and by evolution of Co2• 

~ypes of phytotoxins released during 

decomposition process. 

6) The role of some dominant and common fungi 

on pine litter decomposition under laboratory condition. 
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SUCCESSION : 

Several researchers have workea out the 

succession of higher plants in different type of 

habitats. A number of workers have also highlightened 

the succession of microorganisms on various plant 

parts. Garrett (1951) inspirea a number of workers to 

explore the various aspects of soil microbiology. 

Workers like Hudson (1968), Kendrick (1957, 1958), 

Mikola aBd Hintikka (1956), Pugh (1958), Saito {1956, 

1960), Siu and Reese (1953), Smith and Wieriaga (1953) 

Tribe (1957, 1960a, 1961), Tyner (1961), Waid (1957) 

and Webster (1956,1957) added further to the knowledge 

of succession of microorganisms on various plant parts. 

Chester {1950) and Mangenot (1952) examined tne 

succession of fungi on logs and wood and found 

different pattern of distribution of fungi. Hudson and 

Webster (1958) and Yadava (1966) investigated the 

succession of microbes on stem of different plants. 

Chang and Hudson (1967) in their studies on the fungal 

succession of wheat straw compost from ecological, 

biochemical and physiological point of view found a 

regular pattern of fungal colonization. Fungal 

succession on decomposing wheat straw compost in soil 

was examined by Sadaaivan (1939). He noted a marked 

change in succession of fungi at different decompoaitio• 

stages. 

Most of the work on the microflora in relation to 

iecomposition of coniferous leaf litter has been on pine11•t•~ 



(Ward, 1952; Gremea, 1957; Tubaki and Saito, 1969; 

Brendsberg, 1969). These workers emphasized that the 

early colonizers of coniferous leaf litter are 

bacteria, ascomycetes, tungi imperfecti a•d some 

basidiomycetes which attack simple 'tearbohydrates and 

cellulose. These organisms are followed by phycomycetes, 

particularly members of mucorales which can utilizel 

the faunal breakdown produ?ts perhaps in combination 

with meio-fauna. 

The most oetailed study regarding the succession 

of fungi on decomposing coniferous litter is that of 

Keadrick (1958). He examined the litter in a stand of 

Pinus sylvestris at Delamare forest, England. His results 

seem to give the clearest idea available to date on 

succession. Waid (1952) in a detailed study of litter 

decomposition in piDe woods, conducted near Nottingham, 

England listed about 120 fungi. The most frequently 

isolated genera were : Trichoderma, Penicillium, 

Mortier8lla, Mucor and Aureobasidium. Basidio•vcete~ 

were active in litter layer but decreased with increase 

in depth. 

Garrett {1963) in his investigation o~ fungal 

colonization of dead plant remains in or upon the soil 

noted that sugar fungi were primary colonizers and 

compared the fungal succession with autogenic plant 

succession. Caldwell (1963) while studying the fungal 

flora of beech leaf litter in soil reported a de~inite 
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course of succession of the organisms. Carre (1964) 

coafirmed the result of Caldwell and reported a 

definite succession in natural conditions. His results 

clearly demo•strated the effect of weather, which 

influenced the growth of microorganisms for first two 

years rather than by the a~cumu~ation and availability 

of nutrients. 

~es (1965) in his studies of Scot pine litter 

decomposition reported that the microclimate influenced 

the development of dominant species of litter microflora 

Hering (1965) studied the fungal succ:essioa on four 

plant species and observed that the fungi were common 

in all four types of litter. The primary fungal flora 

was replaced by the common fungal flora dominated by 

the species of Penicillium and Trichoderma. 

Macauley and Thrower {1966) observed succession 

ef 5 groups of fungi during 15 months of decomposition 

of leaf litter of Eucalyptus regnans. Their report 

suggested that the primary colonizers were some 

moniliales followed by species of Penicillium and 

mucorales in advanced stage of decomposition. They 

suggested that probably antagonistic effect of other 

fungi was related to the disappearance of certain fungi 

even when sufficient nutrient was available. 

~gh (1958) suggested that the temperature and 

moisture content of leaf litter were the main factors 

to influence the seasonal activities of microbes duriRg 

the decomposition of leaf litter. He also observed that 

the initial colonizers of dead and moribund leaves of 
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~ex paniculata were replaced by secondary colonizers 

x during decomposition. ·Gregory et al (1963), Khanna 

(1964) and Sharma (1967) studied the microbial 

4ecomposition of above ground ageing and decaying 

plant parts aDd observed a climax succession at the 

senescence stage. Kamal and Singh (1970) and several 

others studied the fungal succession on foliage and 

stem and added further knowleige to the fungal 

succession. 

~rril and French (1968a in their studies on 

decomposition of stalks of Pinus ponderosa isolated 

species of Mucor, Rhizopus and Absidia as dominant 

fungi. Rai (1969) reported several iateresting species 

of saprophytic fungi during the studies of fungal 

succession on decaying leaves of Saccharum munja. 

Frankland (1966,1969) investigated the 

succession of fungi on decaying petieles of Pteridium 

ayuilinum. The aim of the experiment was to determine 

the relative abundance and succession of the various 

species of fungi in relation to changes in the 

substrates. In the experiment it was observed that 

a succession of species occured. Cellulose and lignin 

decomposers predominated before the appearance of sugar 

fungi. Seasonal variation of fungal population was also 

recorded. 

V,ulcli.m:r.,:__ { 1970) studied the chemical changes in 

lignocellulose decomposed successively by the fungi 

Ganoderma applanatum and Serpula lacrymans and observed 
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that the two fungi changes the degree of availability 

of lignocellulose for the other fungi, aDd these chaages 

depend primarily on the changes of the polysaccharidic 

components. 

Tubaki et al (1971) examined fungal successiom. 

on sterilized leaves of Castonopsis and Querous in 

natural condition and observed a regular pattern of 

succession. 

Rai (1973) while studying the fungal succession 

on decaying leaves of Saccherum munja noticed various 

kinds of fungi which appeared at various stages of 

decay and fu•gus flora was found to vary as the leaf 

tissues decomposed and disorganized. He recocnized 

three groups of fungi for their distiact patterns of 

distribution. Watson et al ( 1974) studied in detai 1 th.e 

fungal succession on loblolly pine litter and foliage 

in North Mississippi and could record a distinct 

successional pattern. Deuteromycetes, phycomycetes, 

ascomycetes and basidiomycetes were all prominent on F 

~~·~J. Basidiomycetes seemed to be dominant in the H 

layer. An unique pattern of fungal succession on animal 

dung as substrate was described by Bell (1974). The 

seaso~al cycles of the fungal flora on the dung was 

discussed. Some fungi were markedly seasonal in their 

occurence, others did not show such a marked seasonal 

pattern, but the fungus flora as a whole followed a 

predictable seasonal cycle with maximum fruiting of the 

sp~cies in winter and minimum in summer. 
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Vittal (1976) in his studies on fuDgal 

colonization of litter grouped the fungi as 'dominant' 

'common', 'frequent', 'occas•ional',aad rare'depending 

on their percentage frequency. He recorded only a few 

fungi as 'dominant' on each plant species and nearly 

half the number of species recorded occurred 

sporadically. 

The studies of Pugh~~ (1975); Bashi ~ !l 

(1976J 1977) and Lindsey~~ (1976 a,b) showed the 

importance of yeast on leaf surface. Their role in 

litter decomposition needs thoro~h.nnderstanding of 

population dynamics and their successional pattern. 

ihe present investigatioa also shows a population 

dynamics of yeast flora on decomposing pine needles. 

Mckenzie ~ ~ (1976) during the studies of the 

decomposition of poplar leaves, plum leaves ana wheat 

stems pointed out the importance of the primary fungal 

colonizers during decay after leaf fall. He observed that 

the rust infected plant materials supported a fungal 

succession quantitatively different from that on 

noninfected leaves and stems during decay. 

Black~~ (1977) studied the pattern of 

colonization of scots pine litter by soil fUngi and 

indicated that many common soil fungi, especially 

Trichoderma spp., members of mucorales and Penicilli*- ~p, 

may colonize the surface, of decomposing needles in tke 

litter but appear to have only a limited ability to 

colonize inner tissues. 
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Pepulatien !yuamics ·~ ·fg•gi, iacteria aaa actinomycetes 

1n decempcsing litter 

Much works have been done on fungal decomposition 

of plant remains on soil~or inside seil by various 
1 

w0rkers. Works are als9 available on fungal colonization 

0f different substrates under different environmental 

conditions. I•Iikola and Hintika (1956) found an 

everwhelming dominance of only a few species of 

bacteria in Pinus sylvestris litt~r in Finland. Inspite 

,r the limitations ef the experimental technique they 

drew some conclusion that sporulating moulds are 

abundant in forest soil. They play an essential role in 

the decomposition of litter mainly during early stages, 

whilst later on other fungi and bacteria attain more 

importance. 

Witkamp (1963) made an annual means of fungal 

and bacterial counts from five leaf species decomposing 

in coni~erous and deciduous stands and observed that 

fungal and·~acterial c•unts were positively correlated 

"'Ti th the corresponding rates of litter breakdown. He 

also observed that temperature, moisture and stage of 

litter decay,. effectively controlled the microbial 

populations and rates of litter &reakdown. 

Witkamp (1966) also studied the bacterial and 

fungal ,epulation during decomposition of Mulberry, 

redbud, white oak, loblelly pine litter in Tennessee 

and teund that microbial densities and annual weight 

lasses of litter were significantly positively correlated. 
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Minderman and Daniels (1967) determined 

bacterial numbers in litter collected from a 

calcareous mull site in Holland at different times after 

leaf fall. In beth cases maximum number was fo1md a ·few 

weeks after shedding of the leaves, and this was followed 

by a gradual de6rease. Similar results were oatained in 

a mixed Oak w~od in Belgium (Remacle, 1970,1971), in 

stands of Fagus sylvatica in German~ (Meyer, 1960). In 

the latter case no consistent trends with regard to 

seasonal variation ceuld be observed. Changing weather 

conditions affected the bacterial number more than the 

age of the litter. Few studies have been carried out on 

the eomposition of the bacterial flora in litter. 

Nangenot (1966) found that the bacterial flora on 

freshly fallen Malus leaf litter mainly consisted of 

yellow er orange pigmented forms as in the phylloplane. 

Holm and Jensen (1972) carried out a similar examination 

on Fagus litter, and they found a bacterial flora was 

very similar in cemposition to that on the mature leaves 

in the canopy. 

and litter decom osition : 

Studies of the decomposition of organic matter in 

forest s•ils are impertant for an understanding of soil 

fertility and the cycling of nutrients. Measurements ef 

carbondioxide production in the field are frequently used 

for estimations of rates of organic matter breakdown, 

(Ross ~ ~ 1972). 

Stotzky; (1965) reviewed that when organic 

matter is attacked by microorganisms, the following 

reaction takes place : 

' '• 
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(CH20)x + o2~co2 + H20 + Intermediates + 

cellular material + energy 

Only 60-80 percent of the carbon is cenverted to 

carbondioxide, even under fully aerobic cenditiona 

because of incomplete oxidation of the substrate, 

which gives rise to intermediates, and the synthesis 

of cellular materials. 

Mac Fadyen (1970) and others also studied the 

microbial activity by measuring rates of co2 evolutien 

and litter decomposition. 

Lamb (1976) studied the decomposition of organic 

matter on the forest floor of Pinus radiata plantations 

and measured the rate of litter decomposition by weight 

loss and by microbial ~aspiration. 

Bunnell~ !1 (1977 ) used simulation models to 

examine the role of substrate chemistry in decomposition 

rates by relating specific laboratory measures of 

micrebial resJiration to field measure of weight loss 

with those influences of temperature and moisture. 

Carbondioxide evelution has been used frequently 

as a measure of Biological activity in the litter 

(Ivliller, 1974). Kornev (1962},working on~ found that 

the evolution of co2 decreased in the litter and 

suggested that this decrease was related to the 

unilateral consumption by microorganisms of the 

available organic matter in the upper layers, with 

consequent accumulation of unavailable compounds. The 

evolution of 602 var~ed with the season, increasin& 
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threugh the summer te a naximum in August with a second 

peak in Octeber following needle fall. 

~hytotoxins : 

There are evidences that decomposition of plant 

residue in the· soil results in the formation of compounds 

which may have either favourable or unfavourable effects 

on plants. The speculations raised at the beginning of 

the century with respect to phytotoxic properties of 

some of. these compounds, have now been confirmed. 

The beneficial or detrimental effects of certain 

substances released by various plant parts in soil 

during decomposition were first reported by De Candolle 

(1832). Skinner (1918) studied the relative toxicity of 

these compeunds in soil and nutrient solutions. He 

identified several compounds released during decomposition 

of plant residues in seil and referred them te be the 

degradation products of lignin. Me Cella and Duley (1950) 

and Guenzi and Me Calla (1962) studied the inhibitory 

substances produced in seil during wheat straw 

decomposition and noted 66 percent inhibition Bf corn 

seed against only 10 percent in control. Further knowledge 

recarding the production of phytotoxins during 

decemposition of plant remains in the soil was added by 

the werks ef Proebating (1950), Martin (1957), Patrick 

and Kech (1958), Snyder~~ (1959), Nielson~~ 

(1960) and Sendheimer (1961). 

Nielson ~ !l (1960) reported the abnormal 

behaviour ef phytotoxins on many seeds when they are 

soaked in the extract of decomposed straw. The presence 
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of Ferulic acid, Coumaric,acid, Vanillic acid and 

P-hydroxybenzoic acid was reported by Borner (1960) 

from aquous and alcoholic extracts of straw and reots 

of barley, rye and wheat. Patrick (1955) and Patrick 

and Koch (1958) studied the production of phytotoxins 

by decomposing plant remains in soil. 

Patrick et ~ (1964) presented a comprehensive 

review on the products of crop residue decomposition 

~nd their effect on plant roots. Toussoun ~ ~ (1968) 

and Patrick (1971) studied ~he nature ef phytotoxic 

substances produced during plant decomposition in soil. 

They explored this aspect of seil microbieloey and 

confirmed the findings of previous workers. 

In India, studies on this aspect of soil 

microbiology have been very few so far. Kanaujia (1973) 

investigated the production of phytotexins during the 

decomposition of roots of Pennisetum typhoides (Burm F.) 

in field condi tiona. He detected several phytotoxic 

substances during various stages of root decomposition. 

Recently Grover (1977) also studied the production of 

varieus types of phytotoxins from root,leaf and stem of 

Brassica nigra var. Sarson during decomposition in seil. 

He has also studied the effect of these decomposition 

preducts on the seeds of various crop and also on the 

imnortant fungi of soil • ... ' 



#****************************# 

~ MATERIALS AND ME!HODS ~ 
~ ~ 

'****************************' 
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A. Field decomposition studies : 

The present investigation was carried out under 

1955, 1965 and 1970 Pine plantations as shown in the Map 2 

where the investigation on leaf surface microflora and soil 

micropial population was also conducted. Different age 

groups of pine plantations were considered to study the 

effects of age of the pine needle and plantations on 

litter decomposition. 

In this ·investigation following parameters were 

considered :-

~ of pine litter deco~position on the forest 

floor. 

2) Population dynamics of litter microf.lora 

(bacteria, fungi, actinomycetes) and the patte~Pn of funtr;al 

succession during the litter decomposition. pH and 

moisture content of the litter and differr·nt climatic 

conditions of the sites were also taken into consideration. 

~olutjon of Co2 from litter during 

decomposition • 

. ~Degradation of carbohydrates, cellulose, 

hemicellulose, lignin and release of aminoacids of litter _____... 
during decomposition. 

5) Release of phytotoxins during decomposition 

pro cess. 

1) Rate of pine litter decomposition on the forest floor:­

Nylon bag technique (Bocock, ,tl .§:.1 1960) was applied 

to study the rate of litter decomposition of Pinus kesiya 

on the forest floor. Nylon aets having 0.5 mm mesh were 
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stitchee into 12 sq.cm. bags. Fresh pine needles were 

collected from 1955, 1965 and 1970 plantations and 

air-dried till the constant ·vreight was recorded. The bags 

for 1955 pine plantations were filled v:i th 8. 366 gms. of 

air-dried pine ne ed.les. Likewise the bags !6or 1965 and 

1970 plantations WP-re filled with 8.466 gms. and 8.600 gms. 

of air dried pine needles respectively. All the bags were 

then properly stitched and placed on the forest floor of 

1955, .1965 and 1970 plantations on 15th.l'·~ay, 1976. The 

litter in tl1e bags was then allowed to decompose. The first 

sampling was done on 15th.June, 197G.and the subsequent 

samplings were done at one month interval for a period of 

one year. On each sampling date six replicate bags were 

collected from each plantation for recording the loss in 

dry weight and microbial population:df the litter. The bags 

viere brougbt to the laboratory. Three baes were made open 

and the other three bags from each set were kept in freeze 

until used for microbial analysis. From each bag, litter was 

carefully seperated, cleaned from any adhering soil 

particles and was allowed to dry in a hot air oven at a 

temperature Of 80°C until a constant dry weight 1<7aS obtained. 
, 

Final dry weieht of the samples was taken and percentage 

weight loss ¥Tas calculated. on the basis of oven dry weight 

of the sample. 

The experiment was repeated for two successive 

years from Nay 1976 - 11ay 1977 and l''lay 1977 - July 1978 to 

observer the variation in litter decornposi tion. Only tviO 

pine plantations viz. 1965 and 1970, were considered during 
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the second year for the study of litter decomposition. The 

bags containing 4.850 gms. and 4.800 gms. of air dried 

fresh pine ne~dles for 1955 and 1970 plantations 

respectively were kept o~ the forest floor of both the 

plantations on 14th.i•.tay 1977 and allowed to decompose as 

described earlier. The coll~ction of the bags and 

estimation of dry weight loss of litter 1·1as carried out as 

described earlier. The first sampling during second year was 

done on 14th.June, 1977 and subsequent samplings vrere done 

at one month interval for a period of one year. 

The course of changes in pB and moisture content 

of decomposing iki tter l·Tere also recorded for two years. 

2) Population dynamics of litter microflora (bacteria, 
-- - -

fun&i, actinomycetes) and the pattern of fungal successio~ 

during pine litte~ aecompoeitlon ~ 

The aim of this experiment was to evaluate the 

saprophytic activity of microflora during pine litter 

decomposition on the forest floor, and also to assess the 

pattern of fungal succession during the decomposition. The 

experiment was also repeated for two years i.e. from day 76 

- Nay 77 and May 77 - hay 78. 

Collection of the samples - Nylon bags containing 

decomposing litter were collected from the different 

plantations, The baes rJere properly sealed and transported 

to the laboratory and were used on the same day for the 

assessment of microflora. Occasionally the bags vrere stored 

overnight at 4°C vrhen the processing could not be completed 

the same day (Ruscoe 1971). Additional litter bags were 

collected for the determination of pH and moisture content. 



112 
rsolatioa of microflora :- The prGcess consiate4 ef 

the fellewiag steps : 

IsGlatioa of bacteria aad Actinomycetes - DilutioA 

plate method was followed tor the isolatioa ef sacteria 

and aetinamycetes throuchout the saaplinc period. Oae « of 

decemposiBg pine litter was introduced into a 250 ml. 

sterilized co•ical flask cgntaining 100 ml sterilized 

distilled water. Litter suspension of 1:100 dilution was 

prepared. Tae flask was th0roughly hand shaken for 

fifteen minutes f0r homozenizing tke suspension. 10 ml 

of this suspension was then transferred aseptically Dy 

means of a sterilized ·10 ml Pipette to another 250 ml 

sterilized cenieal flask containing 100 ml sterilized 

distilled water to get a suspeasion of 1:1000 dilution. 

The process was repeated oace more to get a suspension ~f 

1:10000 dilution which was found suitable for ceumtiag 

Bacteria and actinomycetes colonies on the agar plate. 

Isolation ef bacteria was done on nutrient agar medium 

(Difco manual, 1953) containing beef extract. Isolation of 

actinomycetes was done on starch casein acar plus 

antibiotics medium which has ~een shown to be hachly 

selective fer the microorganisms (Kuster and Williams, 

1964). The selectivity of this medium was further increased 

Dy the addition of actidione and nystatin, each at a 

concentration of 50 Mg/ml of medium (Williams and Davies, 

1965). Cemposition of both the media is descriDed in 

Chapter 1 uader materials and methods. 

0.5 ml of litter suspension in each plate of 

1:10000 dilution was transferred aseptically on tke 
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nutrient acar medium and starch caseia medium in 

sterilized petriplates for the isolation of &acteria and 

acti~amycetes respectively. Isolation was carried out ia 

sterilized Lammimer flow chamber throughout'the 

iavestigation period. Three replicate plates were 

maintained for each case. The petriplates wer~ shaken 

gently to disperse the litter suspensioa uniformly ever 

the surface of the agar medium. The plates were incubated 

upside down at a temp. of 30 ± 1°C in a bacteriological 

incubator. The plates for bacterial and actinomycetes 

counts were incubated for 24 hours and 7 days 

respectively.Number of bacteria and actinomycetes colonies 

was counted with the help of a digital colony counter. The 

population of bacteria and actinomycetes/g dry litter was 

calculated by taking moisture content of the litter inte 

account. In this study only population dynamics of 

bacterial and actinomycetes was considered and no attempt 

has been made to identify the species. 

Isolation of mycoflera - Cultural isolation 

techaique (dilution plate method) was employed for this 

group as described in the Chapter 2.The results were 

represeated in terms of percentage frequency and 

percentage relative abundance of fungi as described in 

Chapter 1. 

pH and moisture content of litter - pH and moisture 

content of the decomposing litter samples during different 

sampling periods were determined by oven dry method and 

electric pH meter respectively. 

Climatic conditions - The data on atmospheric 
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temperature, rainfall and humidity was obtained from the 

local materiological office throughout tke investicatioRs. 

3) Evolution of Co 2 from litter duri•g decomposition:-

Determination of Co2 evolution from decomposing 

litter indicates the rate of breakdown of litter on the 

fGrest floor. Only one plantation was considered for this 

experiment.The experiment was conducted for a period of 

one year fram May 1977 to May 1978. 

Co2 evolution from decomposing Pine litter from 

the forest floor was estimated by inverted box method 

(Walter aDd Haber, 1957).Glass beakers of 100 ml capacity 

containing 50 ml of O.IN KOH solution were exposed on the 

surface of decomposing litter on the forest floor of 1970 

plantation. The whole system was then covered by means of 

tin containers (5071.2 ems. sq. area) in such a way that 

there was no ~eakage from the sides of the containers. 

The assembly was kep~ on the forest floor for 24 hours to 

allow KOH to be saturated with 0o 2• After 24 hours of 

exposure of the absorbent solution (KOH) the amount of 

Co2 fixed by the KOH solution was measured by titrimetric 

method using 0.1 N Rcl and phenolphthelin as indicator. 

Three replicatiens were used in each case.Finally Co2 
evelution was expressed in mg/m2/hr. 

Control se~s were also kept side by side. A small 

area of the rarest floor (according to the diameter of tin 

used) was covered by means of a polythene sheet to ensure 

no Co2 accumulation take place from the forest floor aad 

the whole system along with KOH solution was 
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inverted tin. The other processes ~allowed were similar 

as doae for the samples. 

4) Estimation of cellulose, hemicellulose and ligni• of 

the decomposing pine litter :-

Cellulose, hemicellulose aad lignin content of 

Pine litter was estimated by method described by Peach 

and Tracey (1955). Decomposing leaf litters collected 

from litter bags on different sampling dates were washed 

with distilled water to remove all the soil particles, and 

dried in a hot air oven at 80°0 for 48 hours. The samples 

were cooled to room temperature over afih$drous calcium 

chloride in a desiccator and were ground to find powder by 

electric grinder and processed for estimation of the above 

3 compounds. 

0.5 g of powder from each plantation (for each 

sampling date) was treated with 25.0 percent of aqueous 

KOH (W/V). In each case, the samples were centrifuged at 

3000 rpm for 10 minutes. The decant obtained in each case 

was used for detection of hemicellulose. The residue, left 

at the end of the digestion, was washed several times im 

distilled water till the trace of KOH was removed. It was 

dried in a hot air oven at 105°0 for 24 hours, cooled to 

room temperature in a desiccator and weighed. The ameunt 

ob*ained was desiga•ted as total cellulose. The decaDt in 

each case was collected and neutralized with equal amount 

of glacial acetic acid and ethanol. The precipitate was 

filtered washed, dried and weighed as above and this 

accounted for total hemice1lulose. Three replicate samples 
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were considered in each case. 

For estimatioD of ligniR 0.5 g dried samples, 

were taken in a test tube seperately for each set, 

treated with 72 percent sulphuric acid {AR) and kept in 

a deep freeze for 24 hours. After 24 hours the content 

of the test tube was centrifuged and decanted. The clear 

solution was discarded whereas the residue was washed 

many times till no trace of H2so4 was present. It was 

finally washed, dried and weighed. The amount so obtained 

was designated as Lignin. Three replicate samples were 

considered in each case. 

The cellulose, hemicellulose and lignin contents 

·were estimated on the initial dry weight of the decomposing 

litter. Fresh litter samples were also analysed side Dy 

side. 

5) Estimation of total sugar and total aminoacid from the 

decomposing litter samples :-

Estimation of total sucar and total amino acid of 

the decemposing litter was carried out as described by 

Peach and Tracy (1955). 100 mg. of powdered sample from 

each sample and from each plantations was crushed 

properly in a morter and pastle in 80% ethanol and 

filtered through a Whatman filter paper No.1. A slightly 

yellow coloured filtrate was obtained in each case. The 

filtrate was treated with actiKated charcoal and 

centrituged at 6000 rpm to get a clear supernatant. Ethanol 

was boiled off from the clear filtrate in a hat water bath 

and the volume was made up to 5 ml with the addition of 

double glass distilled water. 3 ml of this aolution was 
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taken iB a test tube and 6 ml of Anthrone reagent 

(0.4% in H2so4 w/v) was added gently to the test tube 

~rom the side while the test tube was kept in a cold 

water bath. Then tae test tube was gently shaken and 

warmed in a boiled water bath for 3 minutes. A green 

colour was obtained. The transmittance of this coloured 

solution was observed in spectrophotometer (Spectronic 

20) at 610 ~· Standard curve was obtained from 

transmittance of varying cone.of glucose solution 

treated with anthrone reagent as described for the samples. 

From the standard curve the values of the total sugar 
' 

of the samples were expressed in~g/100 mg dry weight of 

the samples. 

To the rest Of the 2 ml extract, 2.5 ml of 

acetate buffer (40 g NaoH dissolved in distilled water in 

a 1000 ml volumetric flask, 100 ml of glacial acetic acid 

was added to it and the volume was made upto 1000 ml with 

distilled water) and 2.5 ml of ninhydrin solution (1% in 

isopropyl alcohol) were added simultaneously.The test tube 

containing the solution was placed in hot water bath for 

half an hour, a light purple colour was obtained. The 

transmittance of this coloured solution was observed im 

spectrophotometer (Spectronic 20) at 54_0 nlh. 

Standard curve was obtained from the transmittance 

of the rvarying concentration of leucine solution treated 

with acetate buffer amd ninhydrin solution as descr1bed 

for the samples. From the standard curve the values of the 

total amiBo acid of the samples were expressed in;UI/100 mg 

dry weight of the sample. 



The estimation in each case was done in 

triplicates. 

6) Collection of litter leachates and detection of 

Phytotoxins :-

During each sampling one litter bag from each 

plantation was kept separate for collection of litter 

leachates from the decomposing material. Nylon bags with 

decomposing pine litter and adhering soil particles were 

immediately transferred to 250 ml conical flasks having 

100 ml. Sterilized distilled water. Each flask was hand 

shaken vigorously for 20 minutes keeping the mouth 

closed with sterilized cotton plugs. This washing was 

then filtered through ordinary filter paper and the 

filtrate was centrifuged at 3000 rpm for 10 minutes. The 

supernatant was again filtered through a Whatman filter 

paper No.1. This filtrate was then concentrated in a 

vacuum oven below 40°C upto 5 ml and was kept in a 

laboratory freeze until used for the detection of 

phytotoxins present in the leachates• 

Phytotoxins from the decomposing litter leachates 

were detected by unidirectional paper chromatography using 

isopropanol, ammonia and water (200:10:20) as solvent 

(Smith, 1960) and ferric chlorode solution· (Fecl3 2% in 

water containing 1 ml of 2N Hcl) as location reagent 

(Hathway,1960).The spots on the chromatograms were 

examined properly under ultraviolet ray in a dark room 

for identification of phytotoxins. The unknown spots 

appeared on chromatograms were compared with those of 

standard phytotoxins. The Rf values of the unknown spots 
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were calculated and compared with the Rf values of 

standard phytotoxins. Eight standard phytotoxins used for 

this purpose were 3,4 dihydroxybenzoic acid, P - coumaric 

acid, ferulic acid, venillic acid, quinic acid, 

protocatechuic acid, gentisik acid and caffeic acid. 

B. Decomposition studies in laboratory 

The experiment was conducted with a view to 

measure the rate of pine litter decomposition by certain 

selected fungal species and to compare laboratory 

decomposition vs. field decomposition studies. 

Six dominant and common soil and litter fungi viz., 

Absidia cylindrospora, Mucor hiemalis, Trichoderma viride, 

Penicillium chrysogenum, Cladosporium herbarum and 

Spprobolomyces roseus were selected for this study. 

1) Inoculation of sterilized soil and sterilized pine 

litter :-

Rectangular glass jars (12.5 em. x 10.3 em. 

x 20.8 em) were used for this purpose. Soil from 1955 pine 

plantation of the experimental site was brought into the 

laboratory and was properly sieved to remm~ the adhering 
' 

plant parts and debris. Oat meal was added @ ten g per Kg. 

of soil to support the !·ungal growth in the soil after 

inoculation. Soil was properly mixed with Oat in allumiaium 

trays and was autoclaved at 15 lb/sq in.pressure for 3 houBs. 

Autoclaved soil was then allowed to cool down to room 

temperature in an aseptic condition. 

Pure cultures of all the selected fungi were 

maintained in petridishes on malt extract. With the help 

of a cork borer (1::-Hldia) 10 pieces, seven d.ays old culture 

,. 



120 
of each fungus was introduced in sterilized soil. The 

pieces were then thoroughly 1aixed in soil in an aseptic 

conditions. For each fungal culture separate sterilized 

soil was used. Sterilized rectangular glass jars were 

then filled with inocu~ated soil @ one kg./jar, and was 

~evelled properly for different fungal inoculum. Mixed 

inoculation of fungal cultures in autoclaved soil was also 

done.Six replicate sets were maintained for each inoculum 

including uninoculated control eet for each sampling 

periods. After inoculation all the jars were covered with 

polythene sheets having minute pores made by a needle to 

avoid air contamination. The glass jars were then 

incubated at 25°C in BOD incubators for one month for 

proper growth and establishment of inoculated fungi in soil. 

Moisture content of the soil was maintained at 

field capacity throughout the experiment by adding requisite 

amount of sterilized distilled water after every week. 

After one month of incubation, fungi were established 

properly in soil and their growth ~a prominent in soil, 

eEcept that of Sporobolomyces roseus. 

Pine needles for this study were collected from the 

oldest i.e. 1955 plantation from the experimental fie~d 

and were air dried properly. 

Nylon bag technique (Bocock, 1960) was applied as 

described ear~ler for laboratory decomposition studies. 

Nylon nets having 0.5 mm mesh size were stitched into 

12 sq.cm. bags which were then filled with 8.359 g. (dry 

wt. basis) ef fresh pine needles.. Bags were properly 

stitched. 
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After one 'n.onth ~tlhen the fungal cu.l tures were 

prpperly, established in the soil, one litter bag Has 

introduced in each jar on 5th.april,1S#8. The litter bags 

were placed ln all the jars on the same day. Before 

introducing the bags in the j.ars the needles 1-rere 

autC'claved at 10 lb/sq.incll Pres-ure for 15 c1inutes 

(Black and Dix, 1977).The jars were then placed at room 

temuerature for incubation. The ~oisture content ofthe 
~ . 

litter I'Tas maintainec1 at 35," throughtbut the course of 

j_nvestigation by ac_cl inc requisite liuanti ty of sterilized 

distilled water from time to time. The crowth of the 

fu11gus on litter ~'urface in eac~1 jar ·vas examined tho-

roughly from time to tmme. 

2) VJeight loss study :-

The first sampling 1·1as done after one month of 

the incor:9oration of li ttPr ba6s :._n the jars on 6th •• ·iay, 

197R and the subsequent sar'lplings i·rere done on the same 

date of June, July, Septeraber, li.Jovember upto c.January 1979 

for a period of nine months. 

Three jars ·Here removed from inoculated sets and 

three from uninocu~ted sets respectively on eac~ collec­

tion date. The jars were opened and bags vrere colle cteo for 

the deterr1ination of 1•7eight loss. 1'he bags "'·TerP opened 

in the .la bora tory and the J_i t ter '!,·'as carefully separated 

and cleaned with the help of forcep to rer:wve all the adhe-

rinG soil 9articles arn tben dried in a hot air oven in 

petridishes at 80°C until a constant dry WPicht was 

obtained. :B,inal dry l•ie::'~cht of the saP1ples vms taken in electric 
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balance and the percentage loss was calculated on the 

basis of oven dry weight of litter. 

3) Chemical analysis of decomposing litter samples :-

Cellulose, hemicellulose and Lignin content of 

decomposing litter samples of all the sets was estimated as 

described earlier in the methods of field decomposition 

studies (Chapter 3). 

Collection of litter leachates and detection of 

phytotoxins were also carried out by the methods described 

earlier in the chapter 3. 

4) Estimation of Co2 evolution from decomposing pine litter:-

Co2 evolution from litter was estimated from 

inoculated and uninoculated sets respectively on each 

sampling date, before the bags were taken out for the 

determination of weight loss. 

To measure Co2 evo~ution 20 ml of 0.1 N Sodium 

hydroxide solution plus phenolphthelin indicator were 

pipetted into 50 ml beakers, these were then placed inside 

the rectangular glass jars containing litter bags. The glass 

jars were then sealed with airtight lids. After the 

appropriate exposure time (24 hours) the jars were opened 

and eoceess barium chloride (10% of the volume of absorbent 

used) was added to the absorbent to precipitate Potassium 

carbonate (J.•.tac!·adyen, 1970). The beakers were then taken to 

laboratory and titration of the residual NaoH was made 

against 0.1 N hydrochloric acid. The volume of NaoH reacting 

with Co2 was measured following Macfadyen (1970), 1 ml of 

0.1 N NaoH used was taken to represent the absorption of 
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1.118 ml of Co2• During the course of each exposure 

period the minimum and maximum soil temperature was 

recorded from the jar and a mean temperature was calculated. 

The measurement of Co2 evolution from soil without 

litter bag was also done for control and finally the 

reading of Ce2 evolved from litter was substracted from 

the reading of Co2 evolved from soil. 

The result of Co2 evolved from litter was then 

expressed in ml/hr. 



#************************# 
~ 

* 
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RESULTS 

* * * * f************************* 
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The experimental findings on litter decamposition 

are represented in the following order : 

A. Field decomposition studies : 

1. Quantitative assessment of fungi, bacteria and 

actinomycetea of pine leaf litter at different periods of 

decomposition during 1976-1977 and 1977-1978 are 

represented in the Figs.21-24. Statistical analyses of 

the results are depicted in the tables 60-65. 

2. Records of percentage relative abundance and 

frequency of fungal species from pine litter during 

different periods of decomposition are represented in the 

tables 66-69 and Figs.25-28. 

3. Rate of pine litter decomposition on soil 

under different plantations during 1976-1977 and 

1977-19.78, also the course of change in pH and moisture 

content of litter during decomposition are represented in 

the figs. 29-31. Statistical analyses ef the results are 

depicted in the tables 70-75. 

4. Records ef Co2 evolution from decomposing 

pine litter under natural condition and its possible 

correlation with moisture content and total number of 

microbes are depicted in the fig.32. 

5. Quantitative estimation of cellulose, 

hemicellulose, lignin, total seluble sugar and total 

aminoacids present in pine leaf litter in different periods 

of decomposition during 1976-1977 and 1977s1978 are 

represented in the figs. 33-36. 

6. Types of phytotoxins released from litter 

during decomposition under natural condition are depicted 
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in the figs. 40-44. 

B. Laboratory decomposition studies : 

7. Morphological features of pine litter. 

B. Dry weight loss and chemical changes in 

decomposing pine litter by various fung-al species are 

represented in fi~s. 37-38, and their statistical 

analyses are represented in the tables 76-79 and 81. 

9. Changes in pH of pine litter at various 

periods of decomposition is represented in the table 82. 

10. Rate of Co2 evolution from decomposing litter 

by different fungal species are represented in the 

fig.39 and their statistical analyses are depicted in the 

tables 80 and 81. 

11. Release of phytoto~ins during different periods 

of decomposition by different fungal species are 

represented in the figs. 45-47. 

A. Field decomposition studies : 

(1) Quantitative assessment of fungi, bacteria and 

actinomycetes on pine litter in different periods of 

decomposition under natural condition :-

The fungal population of decomposing pine litter 

' was minimum on:t'irst'sampling date and the maximum at the 
I • I 

end of the decomposition. This trend was almost similar in 

all the three plantations viz. 1955, 1965 and 1970, 

studied durinc 1976-1977 (Fig.21). The population gradually 

increased when the decomposition of the litter progress~d. 

During the first few months of decomposition the increase 

in fungal population was rapid when the moisture content 



we.s e.lso quite hj .;;h (Fit>. 21). rhe f'"cm6<il po:pulation on 

Pj_ne lj"tte:- oi bc_'t~ 10IJC-) and 19h5 plantations attained 

its peC:Jk in the r:10nth of September v;hen the moisture 

content uas very high ("~~ig. 21 ) • The population, there-

after rapidly decreaRed. The moisture content of 

deco::-tposine; litter at th:i_s ste.c;e also declined. ~;:he 

least population W8S nbserved in the month of Jaruary 

•·•Le':'l the moisture contE>nt of the litter 1•ras bela\· ten 

percent (Fig.21 ). Thereafter, the irungal -npule,tion of 

the decomposing litter increased again and reached at 

in fungal populationbf litter of 1965 plantation ex­

' hi0ited a rifferent tendency O,ig.21).Statis-::;ically 

si~n::_:ficant positive cor<'elat:ion v-Tas observed bet~·~een 

the fungal population and r1oistu~·~e content of decon-

posi:r~t; pine litter of all ~;he vlanta t_:_ons as thr 

values fo::..~ the si1·1ul tancous laeasuTements of moistu_ce 

content and funtjal l!GpulBt.i.on ·has found to be highly 

correlated (r = 0.738, P<01 for 19?5 plantation and 

r = 0.501, ?<.10 for 1965 plant2.tion respectively). 

Statistically no micni~icant variation in the fungal 

po~ul~tion of fecon~osin~ vine lit~er was observed be-

"t"'\·:e.en the plantation studied d uri.YL'_' 1976-1 977 but a 

significant variation vms observed betvJeen the dii~ff>rent 

periods of deconposi tion ('l'ablP 60). 

During the sPco:n0 year o:f invARtigatjon, the 

it crad")_ally increasPd and 2-ttnined a peak j_n the fTlonti" of 
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July (Fig.24). No ~irect correlation could, however, be 

observed between the fungal population and moisture 

content. Different pattern was observed in the change 

of fungal population of decomposing litter in the 

second yeF1r (Fig.24). Statistically no significant 

variation was observed in the fungal population of 

decomposing pine litter of 1970 plantation between first 

and second ye~r studies (Table 6)). 

The bacterial and actinomycetes population of 

pine litter was also less in the first sampling of 

decomposing litter during 1976-1977 and increased 

significantly at the end of the decomposition studies. 

The population of bacteria and actino~ycetes seems to be 

regulated by the moisture content (Figs. 22,23). The same 

trend was observPd for all the three plantations. The 

population of bacteria and actinomycetes on decomposing 

.pine litter in all the plantations mncreased rapidly as 

the decomposition progressed. The population of bacteria 

attained its peak in the month of July, whereas the 

population of actinomycetes was maximum in the month of 

September in all the plantations when the moisture content 

was more than 60 percent. The population thereafter 

declined and so was the case with moisture content (Fig.22) 

This decreasing trend in the ba6terial and actinomycetes 

population on decomposing litter was observed upto 

February after that the population increased again and 

this trend continued upto the end of the decomposition 
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studies (Figs. 22,23). Statistically a significant 

positive correlation was observed between bacterial 

population and moisture content of decomposing litter 

of all the plantations ( r = 0. 884, P <. 01 for 1955 

plantation, r = 0.600, P < .05 tor 1965 plantation 

and r == 0.654, P<.os for 1970 plantation). 

Statistically a significant positive correlation was 

also observed between actinomycetes population amd 

moisture content of decomposimg litter of all the 

plantations ( r = 0.521, P <.10 for 1955 plantation, 

r = 0.648, P<.01 for 1965 plantation and r = 0.693, 

P < . 01 for 1970 plantation respectively. 

Statistically no significant variation in the 

·bacterial population of decomposing litter was observed 

bet1vF'en different plantations but a significant variation 

was observed between the different periods of litter 

decomposition (Table 61). Variation in the actinomycetes 

population of decomposing litter between different 

plantations and between different periods of 

decomposition was statistically significant (Table 62). 

An interesting phenomenon was noticed for the 

growth of fungi, bacteria and actinomycetes on 

decomposing pine litter during 1976-1977. as soon as 

the moisture content of decomposing litter crossed more 

than 70 percent the population of all the three groups 

declined very rapidly and the population could not 

increase beyond this range of moisture content 

(Figs. 21,22,23). 

Same trend in the change of bacterial and 
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actinomycetes population of decomposing-litter of 1970 

plantation was observed in the·second year (Fig.24).Both 

bacterial and actinomycetes population increased 

gradually as the decomposition proceeded and· .attained a 

peak in the month of September (Fig.24) and population 

decreased thereafter when moisture content of litter 

crossed more than 70 percent.Statistically no correlation 

was observed between bacterial population and moisture 

content of decomposing litter in second year but a 

significant positive correlation '~s observed between 

actinomycetes population and moisture content of 

decomposing litter ( r = 0.749, P< .10 ). 

Statistically no significant variation was observed 

in the population of bacteria and actinomycetes on 

decomposing pine litter of 1970 plantation between first 

and second year studies (Tables 64 and 65). 

2. Records of percentage relative abundance and freguenc~ of 

fungal species isolated from decomposing litter (based on 

dilution plate method) • ·-
Fourteen fungal species viz. 4 phycomycetes, one 

ascomycetes (unidentified), 5 members of fungi imperfecti, 

3 sterile mycelia and one member of yeast were isolated from 

the decomposing pine leaf litter from litter bags of 1955 

plantation (Table 66 and Fig.25).Trichoderma viride was 

dominant fungus according to its percentage frequency 

(Table 66 and Fig.25). One sterile white mycelia was very 

common on decomposing litter &.nd the rest fungi occured 

sporadically. Penicillium chryBogenum, Trichoderma viride, 

Cladosporium herbarum, Aureobasidium pullulans and a 



sterile white mycelia were isolated as initial mycoflora 

of fresh pine needles before the litter bags were kept on 

the forest floor (Table 66). At the early stage of 

decomposition two members of phycomycetes like Pythium sp. 

and Mucor hiemalis were observed to be dominant fungi in 

the months of July and August respectively (Fig.25), but 

one unidentified ascomycetes out-nunbered the phycomycetes 

in the month of September. Thereafter, members of fungi 

imperfecti were observed to be the dominant fungi of 

decomposing litter upto the end of the studies (Table 66 

and Fig.25).The relative abundance of Aureobasidium 

pullulans was very low in decomposing litter. 

Thirteen fungal species, viz; 3 phyeomycetes, seven 

members of fungi imperfecti, one sterile white mycelia and 

two members of yeast were isolated from the decomposing 

pine litter of 1965 plantation. Not much variation was 

observed in the quality of mycoflora present on the 

decomposing litter of 1965 and 1955 plantation. Penicillium 

chrysogenum, Trichoderma viride, and sterile white mycelia 

were very common fungi on the decomposing litter of 1965 

plantation (Table 67). Penicillium chrysogenum,Trichoderma 

viride and Cladosporium herbarum vrere isolated wi'th very 

high relative abundance iu some months from decomposing 

litter (Fig.26). Though members of phycomycetes like Mucor 

hiemalis, Pythium sp. and Absidia cylindrospora took part 

in the decomposition during different periods yet their 

frequency and relative abundance were very low in 

comparison with other fungi. It was observed from this 

plantation that the different members of fungi imperfecti 
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were dominant on the pine litter from early to later 

stages of decomposition (Table 67 and fig.26). 

Aureobasidium RUllulans and Sporobolomyces roseus were 

isolated from the decomposing litter but their percentage 

relative abundance and frequency were very low. 

Fourteen fUngal species viz. 3 phycemycetes, 

seven members ef fun&i imperfecti, three sterile mycelia 

and one member of yeast were isolated from the decomposin& 

pine litter of 1970 plantation. Qualitatively almost 

similar forms of fUngi were isolated from this plantation 

as in case of the other two plantations. Penicillium 

chrysogenum was a common fungus of the decamposing litter 

of this plantation (Table 68, fig. 27). At the early part 

of decomposition two members of phycomycetes, Pythium sp. 

and Mucor hiemalis were dominant on decomposing litter. 

Later on different members of fungi imperfecti were 

dominant on the decomposing litter (Fig.27). 

During the second year investigation of pine 

litter decomposition almost a different picture of 

mycoflora was obtained. Only nine fungal species viz. 2 

phycomycetes, five members of fungi imperfecti, one sterile 

mycelia and a yeast species were isolated from the 

decomposing pine litter of 1970 plantation. Penicillium 

chrysogenum was dominant (Table 69 and Fig.28). 

It v1as observed from this investigation that two 

members of fungi imperfecti viz., Penicillium chrysogenum 

and Fusarium sp0rotrichoides were dominant forms on pine 

litter at its~early stage of decomposition from June­

September. As the decomposition v1as proceeding further 

• 
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these two fungi were outnumbered by SporoboloffiYces roseus 

with very high percentage relative abundance upto the end 

of the studies (Fig.28). 

3. Rate of pine litter decomposition on soil under 

different plantations and course of change in pH and 

moisture content of litter during decomposition :-

The rate of leaf litter breakdown on pine forest 

soil during 1976-1977 was comparatively slow than that of 

second year studies i.e. during 1977-1978, (Figs. 29 and 

30). During the first year of observation it was found 

that weight loss of Pine litter was proceeding at 

eoctremely slow rate in all the three plantations. Not more 

than 20 percent of litter could decompose on the soil of 

1955 and 1970 plantation even after six months of exposure 

to the soil (Fig.29), but almost 30 percent was 

decomposed in 1965 plantation. Thereafter pine litter, 

lost weight at a fa±rly constant rate over most of the 

study period (Fig.29). After one year only 30 percent of 

the litter was decomposed. Statistically, a significant 

variation in litter decomposition was obtained between 

plantations and between different periods of decomposition 

during 1976-1977 (Table 70). 

In the second year it was observed that rate of 

disappearance of pine litter was little faster on the soil 

of both 1955 and 1970 plantation, and more than 20 percent 

of litter was deco~posed after six months from the onset 

of decomposition studies (Fig.30). Ho~rever, more than 30 

percent of litter was decomposed after one year in 1955 
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plantation and more than 35 percent in 1970 plantation. 

Statistically no signi~icant variation was observed in 

the decomposition of pine litter between different 

plantations and between different periods of litter 

decomposition (Table 71) during 1977-1978. 

Moisture content and pH of decomposing pine 

litter varied much during different periods of 

decomposition in all the plantation during 1976-1977. At 

the very early part of decomposition i.e. in the months 

of June, July and August the moisture content of 

decomposing litter was extremely high. During the periods 

moisture content reached above 70 percent in all the 

plantations (Fig.31). Thereafter, the value decreased and 

was below 20 percent in the month of February and again 

it increased upto the month of May. At the onset of 

decomposition the pH of the litter was above 5 in all the 

cases. As the decomposition proceeded further litter 

exhibited low pH Yalue and during the month of December 

and January the litter became highly acidic (Fig.31). 

Statistically a significant positive correlation was 

obtained between moisture content and pH of decomposin& 

litter of 1955 and 1970 plantation ( r = 0.600 P < .05 

for 1955 plantation and r = 0.792, P-(.01 for 1970 

plantation respectively ). Such a correlation was not 

obtained for the litter of 1965 plantation. 

Statistically no significant variation in the 

moisture content and pH of decomposing litter was observed 

between different plantations but sib~ificant variation was 

obtained between different periods of decomposition 

........ 
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{Tables 72,73). Statistically no significant variation 

was obtained in the moisture content of decomposing pmne 

litter of 1970 plantation between 1976-1977 and 1977-1978 

observations, but there was a significant variation in the 

pH {Tables 74 and 75). 

4. Evolution of Carbon dioxide from decomposing pine 

litter and its possible cofrelation with moisture content 

total microbial population and rate of decomposition :-

Statistically no strong correlation was observed 

between Co2 evolution and moisture content of decomposing 

pine litter of 1970 plantation during 1977-1978. With 

an increase in the moisture content of decomposing litter 

a corresponding increase in the Co2 production was 

observed upto the month of September 1977 (Fig.32). 

Thereafter, however, it showed an indistinct tendency. 

Highest a~ount of Co2 evolution from litter ~~s observed 

in the month of September when moisture content was very 

high (Pig.32). However, values for simultaneous 

measurements of Co2 production and rate of litter 

decomposition on the forest floor on the otherhand was 

found to be positively carrelated ( r = 0.769, P<(.10 ). 

From this experiment a strong positive correlation 

was also observed between Co2 production and total 

microbial population of decomposing litter (Fig.32) as the 

values for Co2 production and total Jdcrobial population 

were highly correlated ( r = 0.810 :r < .001 ). 
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5. Estimation of nonsoluble components like cellulose, 

hemicellulose, lignin and soluble components like total 

solubl~ sugar and total aminoacid present in pine litter 

during different periods of decomposition :-

The initial amount of cellulose and hemicellulose 

fractions were almost similar in the litter of 1955,1965 

and 1970 plantations (Fig.33).The change in amounts of 

these two components was almost similar in the litter of 

all the three plantations during 1976-1977. The loss of 

both the constituents followed total weight loss of pine 

litter very closely. Both the cellulose and hemicellulose 

fractions decreased more slowly during the first 3 months, 

before declining rapidly in the later stages of 

decomposition. However, percentages of hemicellulose 

remained relatively constant in the leaf litter of all the 

three plantations throughout the study period (Fig.33). The 

rate of cellulose breakdown was much faster than the rate 

of hemicellulose and almost 50% of cellulose was lost from 

the pine litter in one year period. This was similar for 

all the three plantRtions (Fig.33). durin~ 1976-1977. Like 

hemicellulose and cellulose, the initial content of the 

lignin was also almost same in the pine litter of 1955, 

1965 and 1970 plantations (Fig.33). The rate of 

disappearance of this component was much lower than that of 

the celilulose component. ln fact a constant amount was 

observed for this fractinn after two months of exposure of 

litter on the forest floor upto January before declining 

rapidly at the later stages of decomposition (Fig.33). The 
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0bservation was similar for all the three plantations, 

during 1976-1977. Almost a similar result was obtained 

for these three components during second year of 

investigation for litter decomposition in 1977-1978 

(Fig.34). The initial contents of cellulose, hemicellulese 
• 

and lignin components were same in the litter of both 

1955 ~*1dest) .a~d 1970 plantations. The loss of cellulese 

was more slower during the first four to five months 

before declining rapidly at the later stage of 

decomposition (Fig.34) but percentage of hemicellulose 

remained relatively constant throughout the study period. 

The rate of disappearance of lignin content in decocpasin~ 

litter exhibited a similar tre~d like the first year 

observation.Almost a constant amount of this component 

was observed in the decomposing litter upto January 

(Fig.34). 

Changes in concentration of total sugar and total 

amino acid, eonsidered to be two major soluble components 

from pine needles, were follo11ed throughout the study 

period, during 1976-1970 (Figs. 35 and 36). The initial 

concentration of total sugar was higher in the pine 

needles of 1965 and 1G70 plantations than in the pine 

needles of 1955 plantation during 1976-1977 ob~ervatiGn 

(Fig.35). However, the initial concentration of total 

amino acid was almost same in the pine needles of all the 

three plantations during 1976-1977 (Fig.36). Both these 

components decreased very rapidly during the first one 

month of litter decomposition (Fig.35 A and Fig.36 A). 
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However, after one month of litter deco··,posi tion an 

a1•solute increase in the concentration of total sugar 

in pint: litter o-.: 1970 plantc.tion· H'QS measured.and this 

iHcre...,sed in concentration continued :t'or the first four 

~onths, before eeclining rapidly in the later stages of 

d .;j. • t ( H' • ,.., C::: • ) T -f.' t • • t "1.. ~conpOSl ion .lb• .~ A • ~n _ac an 1ncrease 1n Le 

concentration 6f total sugar was also noticed thou~h 

J.ess in pinP litter of other two p:J.ant ·tions durLl._; the 

early stage of deco~positi~n but later on concentration 

decreased rapidly. ~he least Bl!lount of tota1l uUgar HaS 

measured in the l~st observatlo~ of the cxper~~ent for 

a::..l the plant·,tions (Fit,.35 A). 

co:1centra ti on also increasec~ durine;; the early stage of 

decomposition. after four months of decomposition, 

however, a rapid decrease was markeCl in the c&se of all 

the three plantations and it continued till the end of 

sturly (36 A). The least concentration of amino acid 

vas noticed i:r1 the le.st observatj_on. 

A different picturr was, however, not~ced in 

tl:e change of concentration of both total sugar a11d 

total amino acid of pjne li~ter during 1977-1973 stu-

dies. The initial concentration of total sugar was 

almost saTie in thP litter of both 1955 and 1970 

plantations. No lncrease ln the concentration of total 

su~:rar in decomposing litter \•ias observed. 1tather a 

rapid continuous fall in thP coJ.1''entration ';·Tas 

~easuree ~hrou0~nut the st~dy ~eriod (Fi~.35 ~). 

'l'he initial concentre1t i.o11 of total amino acid was, 



:1l8 
however, higher in the litter of 1955 plantation. No 

increase in the concentration of total amino acid was 

noticed at the early stage of decomposition. The 

concentration of total amino acid also dropped rapidly 

in both the case throughout the study period (Fig.36 B). 

6. Types of phytotoxins released from litter during 

different periods of decomposition under natural 

condition :-

The liberation of phytotoxins from the decomposing 

pine needles at different time periods was studied during 

1976-1977 and 1977-1978. It was observed that phytotoxins 

were released from the decomposing litter of all the 

plantations throughout the study period (Figs.40-44), 

but different phytotoxins were produced during different 

periods.of litter decomposition. 3,4 dihydroxybenzoic 

acid, P- coumaric acid, protocatechuic acid and 

Gentisik acid were produced from pine litter of 1955 

plantation during 1976-1977, (Fig. 40). Hostly 

protocatechuic acid was liberated in the early and later 

stages of litter decomposition but !,4 dihydroxybenzoic 

acid was detected from Septe~ber to December (Fig.40). 

Two more phytotoxins, P-coumaric acid and Gentisik acid 

were detected at the early stage. 

3,4 dihydroxybenzoic acid, P-coumaric acid, 

protocatechuic acid, Gentisik acid and Caffeic acid were 

detected from the litter of 1965 plantation. Generally, 

3,4 dihydroxybenzoic acid and protocatechuic acid were 
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liberated in the early and middle stage of litter 

decomposition. As the decomposition proceeded further 

caffeic acid along with protocatechuic acid were 

released (Fig.41). 

Only three phytotoxins were detected from the 

decomposing pine litter of 1970 plantation~3,4 

dihydroxybenzoic acid was liberated throughout the 

decomposition period. P-coumaric acid was detected at 

the middle stage of decomposition (Fig.42J. 

Five phytotoxins were detected in the pine litter 

of 1955 plantation in the second year of investigation. 

P-coumaric acid and caffeic acid were frequently present 

during the early and middle stages of litter 

decomposition but as the decomposition proceeded further 

Protocatechuic acid and Venillic acid were liberated at 

the la t·te:i'stages. Quinic acid was detected at the early 

stage (Fig.43). 

Seven phytotoxins v-1ere detected from the pine 

litter of 1970 plantation during ~econd year of 

investigation •. Protocatechuic acid was detected in the 

early stage of decomposition. P- cou.maric acid, Gentisik 

acid and Caffeic acid were released in the middle stage 

of decomposition. Quinic, P-coumaric and Venjllic acids 

were detected at the later stage (Fig.44). 

B. Laboratory decomposition studies : 

7. Morphological features of pine litter :-

The physical characters, including colour and 

texture, of the autoclaved pine litter before inoculation 
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appeared to be identical with those of the original 

unsterilized litter. 

In six months healthy mycelium of all species 

tested, except Sporobolomyces roseus, covered the samples 

of pine litter placed in glass jars on previously 

inoculated soil. Growth of Penicillium chrysogenum and 

Trichoderma viride, in particular was vigorous on litter 

and they spored heavily. The growth of all species tested 

except Sporobolomyces roseus was very prominent in soil 

just after one month of inoculation. 

Softening and blackening of pine litter by 

Trichoderma viride and Penicillium chrysogenum was the 

most spectacular macroscopic change during the 

decomposition process. In six months the brown needles 

were changed by these fungi to white and black pulp. 

These changes were accompanied by some decolorization of 

the epidermis and removal of some dark brown tennin-like 

substance. Black lesions were observed on the needles 

after six months 1ft ali the sets inoculated with 

different fungi. In mixed sets the growth of both 

Trichoderma viride and Penicillium chrysogenum was more 

prominent on litter than any other fungi. 

8. Dry weight loss :-

Difference in the percentage dry weight of pine 

leaf after various period of decomposition by the fungal 

species was statistically significant, (Table 76). 

Changes in dry weight of pine leaf litter which 

occured due to the six fungal and one mixed cultures are 

recorded in table 81, it exhibjt considerable difference 
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and losses ranged from less than 7 to 25~; in nine 

:"lonths. In all cases except Absidia cylindl.rospora, 

.l-Jenicillium c~rysogenu.TIJ. and Buorobolornyces roseus, 

the di~ference was highly significant from control. 

The values for percentage dry wei6ht of pine 

litter after various inuubation periods I>J"i t11 different 

fungal species are represented in Fig.37. 

The rate of dry weight loss caused by Absidaa 

cylindrospora and Hucor hieualis was 11ery rapid durin5 

first tv.·o months and it declined during the sec,)nd 

t-wo month periods. The relatively small change in 

weight caused in the last two months by thjse funci 

can be related to their slo1·r spread over tl1e litter, 

ar:.d not n1ore than 25,o ocf dry "t•TPi~ht loss vTas observed 

in nine months by these tifO SJ!l!tCie S (Fi.:s.37). 

The rate of dry weight loss caused by other 

fungal species and mixed inocula w:as ,;radual d~ring 

tLe first phase of decorr1posi tion and in no case the 

dTy weight loss i~Tas .::.1ore than 25~.) in nine months period 

( "if!.. 37). Less de co,ilpo si ti on oc cured in litters 

inoculated with PenicilJ_ium chrysogenum. 

Changes in chemical co~position,_:- Changes in 

percentac:;e cellulose, henicellulose,and lignin contents 

of pine litter over n~ne ~onths period were considered 

The difference in the percentage dry 1-:eir.:;h-c of cellulose 

and heoicellulose remained after various ~eriocs of 
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decomposition by different fun~l species were 

statistiqally significant (Tables 77-78). No such 

significant difference was observed for lignin conte~t 

of litter (Table 79). 

Changes in percentage dry weight of all these 

three components in pine litter which occured by nine 

months period' by different fungal species and mixed 

inoculum are recorded in Table 81. A 't' test was made 

on a comparison between the mean of the species with the 

percentage losses of these three components and the mean 

of the control.The differences in the percentage dry 

weight of cellulose caused by Hucor hiemalis, Trichoderma 

viride, Cladosporium herbarum, Sporobolomyces roseus and 

mixed inoculum were highly significant from control. The 

differences in the percentage dry weight of hemicellulose 

caused by Absidia cylindrospora, Trichoderma viride, 

Penicillium chrysogenum and mixed inoculum were also 

highly significant from control but no differences in the 

percentage dry weight of lignin content by different 

inoculum was observed from control (Table 81). 

The loss of cellulose was least in the control sets 

than the inoculated sets (Fig.38). The loss of cellulose 

caused by different species was very rapid during the 

first three months of decomposition. Subsequently, decrease 

cellulose content was gradual. The highest loss in 

cellulose content was observed in the litter inoculated 

with I•IJ:ucor hiemalis and Has folloi'led by mixed culture 

(Fig. 38). 

The loss of liGnin in nine months period was 
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least in contro~ than inoculated sets (Fig.38). A 

gradual loss in li_gnin was observed in all the sets and 

the highest loss was observed in the litter inoculated 

'\'ri th Trichoderma viride (Fig.38). Srorobolomyces roseus 

and mixed inoculum ~ollowed next. 

A-gradual loss in hemicellulose was observed 

during the first three months before declining rapidly 

in later stages. The loss in hemicellulose due to 

dif~erent fungal species was appreciably high and after 

nine months the loss was 11 ;~. This loss was relatively 

less in litter inoculated with Trichoderma vi ride 

(Fig.38). Sienificant differences were observed in the 

loss of hemicellulose in the litter inoculated with 

Absidia, Trichoderma, Penicillium and mixed inoculum than 

the control (Fig.81). 

However, loss of all these three constituents 

from pine litter followed total weight loss very closely. 

9. Hydrogen ion concentration :- The pine leaf litter was 

less acidic during first six months of decomposition but 

the pli value decreased further below 4.0 after nine 

months in all irrespective of inoculat~d and 

noninoculated sets. 

10. co2 evolution from decomposing litter :- Co2 evolution 

from pine litter inoculated with different fungal species 

and during different period of decomposition was recorded. 

The differencns in the ~o2 evolution from 

decomposing pine litter inoculated with di~~erent fungal 

species were statistically significant, the variation in 



Co2 evolution during different periods of decomposition 

1~s also statistically significant (Table 80). 

Changes in Co2 evolution from decomposing litter 

which occured in relation to different fungal cultures 

and in mixed inoculum are recorded in table 81. 

Considerable differ~nce was observed in the Co2 evolution 

from decomposing litter inoculated with different fungal 

species. A 't' test was made on a comparison between the 

mean of Co2 evolved from inoculated sets with those of 

controls. In all cases except Absidia cylindrospora and 

1!'1ucor hiemalis the difference was highly significant from 

control (Table 81 and Fig.39). No significant correlation 

was observed in the Co2 evolution and the soil temperature 

as well as Co2 evolution and dry '\veight loss of pine litter. 

11. Fhytotoxins released during decomposition of pine 

litter by different fungal species :-

From the laboratory decomposition studies of pine 

litter it has been found that during first three months of 

litter decomposition different types of phytotoxins were 

released from litter inoculated \·ri th different fungi 

(Figs. 45-47). No phytotoxins i•:>Pre detected from the 

litter leachates after 90 da~s of decomposition. 

Phytotoxins were, however, detected from the control sets 

also. 

3,4 dihydroxybenzoic acid and caffeic acid were 

detected from the uninoculated control sets during the 

first month of decomposition. Protocatechuic, caffeic and 

quinic acids were detected from the leachates of pine 
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litter inocul:1ted i'.ri th hucor hie mal is. 3, 4 dihydroxyben-

zoic acid, ca.f::'eic a.nd gentisik acid -v;ere detected froi!l 

the leacha tes OJ:' pj_ne li ctPr inocu2.a ted ~Ti th Absidia 

cylindrospora and 'Jlrichoderma viride. 3,4 dihydro:::ybenzoic 

acid, Protocatechuic, P-cou:naric and quinic acid 1·:ere 

detecteo from lenchatec of pine litter inocu2.ate~- 1·7i th 

Gladospcrium herharm1. ~i~~er inocul3tea vith ?enicillium 

cl1rysogenura produced onl.:/ caf::='eic acid in the first ruontl:1 

of deco~position. Protocatechuic acid was detected from 

leachates of pine litter inoculated with ~porobolomyces 

roseus and mixed inoculum. 

Dur~ng the second "'Onth of litter decomposition 

protoc?.techlil..ic acid 1-vas detected onl~r from control sets. 

3,4 dihydroxybenzoic acid and &entisik aci~ was detected 

from ducor inocula ted set .110 toxins could be dPtected in 

tne leachates of Absidia inoculated litter in second 

nonth. :- ,4 d ihydroxybenzoic acid, Yenil2-ic and q_uinic 

acids "~i:Pre released in the litter inocula ted ·with l)enicil-

lium chrysogenum. Protocatechuic, ferulic, sentisik, 

quinic acids ·were detected in the pine litter inocul2.ted 

Fi th Cladosporinn herba.rv_m. 3,4 oii1 ydroxyb.ensoic,ferulic, 

protocatec!luic, gentiE:ik and caffeic acidR 1>-rere detected 

from the litter inocula ted v:i th Trichoderr.1a virid e. 

Sporobolomyces roseus and mixed inoculum respectively. 

Durin6 the first t vTO months of decomposition highest 

number of l)hytotoxins -v.rere detectefi frore the litter 

inoculated -v;i th Cladosporiwn herbarum, also maximum 

nunber of toxins were :produced durinG these periods 

(Figs.45-47). 



1&8 
During the third month of litter decomposition 

very less number of toxins were produced. Only four 

phytotoxins 1•.'ere ~oroducec during this period. from the 

different sets. 3,4 dihydroxybenzoic acid was very 

common and ~~s detecte~ from almost all leachates 

(Fig.47). 



Figure - 21 Sec.-Jso.cwl variat} on ~:md co•~rele tion 

ln fUnt;;t'? l popula t iOlJ aJ:l...O. uoisture 

c ont en t of decom,Josint; )lime 

leaf litter from litter bags kPpt 

on the forebt floor of three 

different plantatioJ:lC durin6 

1976-1Cl77. 
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Figure - 22 ~easonal varia~ion and correlation1n 

bacte c~ial population and -::,oisture 

content of decomposing uine leaf 

li -r; ter :t':r-o1n lit ~er bags ::e pt on the 

forest floor of th~ee di ~erent 

plantations during 1976-1977. 
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Seasonal v::lri:'lt:d>on and correlation rn 

actinomycetes population and ~oisture 

content of deco.rnposin,; pine leaf 

litter fro:n litter bat:;D :<.f' _pt on the 

forest :loor of th~ee different 

plantations duri.r1g 1 '~76-19'17. 
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Fi,·;ure - 24 ;:)easonal variation anc1 correlation in 

func!/~1, bacterial, actino ;ycetes 

population and ntuisture content of 

decom1Josin:.; jlillle leaf li -:;ter f:"'om 

litter bags kept on the forest 

floor o! 1970 plantation during 

1977-197~. 
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liisto:.:;:rams shm·:in:::; tb.e percentage 

relative abundance of various fungal 

species occured on pine leaf litter 

of 1955 plantation at various periods 

of decomposition during 1976-1977. 

1 = i•iucor hi em& 1 is, 2 = J?yt1lium sp., 

3 = absidia cylindrospora, 

4 = Circinella sp., 5 =Aspergillus 

sp., 6 =Penicillium chrysogenum, 

7 = Aureobasj_(l_ium pullulans, 

8 = Unidentified ascomycetes, 

9 = CladosporiuP-J. herbarum, 

10 = TrichodPrma viride, 11 = Verti­

cillium sp., 12 = Sterile ·wni te mycelia. 
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Figure - 26 Histograms showing the percentage 

relative abundance of various fungal 

species occu::::'ed on pine leaf litter 

of 1965 plantntion at various periocs 

of de coP1::osi ti on during 1 g76-1977. 

= l-'lucor hiemalis, 2 ;;:: nthium sp.' 

3 = Absid ia cylind rospora, 

4 = Penicillium chrysogenum, 

5 = Aure obasic.ium pullulans, 

6 = Geotrichum sp., 7 = Sporobolomyc~ 
rosrous, U = Trichoderma vi ride, 

9 = Cladosuorium herbarum, 10 = Verti­

cillium sp, 11 =Fusarium 

sporotrichoides, 12 ::: Sterile urdte 

m.yce lia. 
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}'igure - 27 Histo£;rams sh01dn~ the percentage 

relative 2bundance of vari0us 

fungal spFcies occured on pine 

leaf li~ter of 1970 Jlantat~on at 

~arious perioQS o~ decomposition 

during 1976-1977. 

1 = Hu£2£ hiemalis, 2 = Pythium sp., 

3 = Absidia cylindrospora, 4 = Cla­

dosporium herbaru rl, 5 = .t'enicillium 

cprysogenurr:., 6 = aureobasidiJ!!!! 

pullulans, 7 = 'l'richoderma yiride, 

8 = Verticil1ium sp., 9 =Fusarium 

sporotrichoioPs, 10 = Jtemohyllum sp., 

11 = ;Jterile v•hi te mycelia, 

12 = Curvularia sp. 
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Figure - 28 Histogra~s showinb the percentage 

relative abundance of various 

fungal species occured on-pine 

leaf litter of 197·J plantation at 

various periods of decomposition 

during 1977-1978. 

== l'lucor hiemalis, 2 = Pythium sp.' 

3 == Clad ospori u:n herbarurfl, 

4 == ~porobolomyces rose us ---' 
t:; == .Q1adosporium herbarura, -' 

6 == 'l'ri c~-:cC. erma viride, 

7 = ~usariuin sporctrichoides, 

8 = J:lh2..!.!!.§:. humi cc la, 9 = ~3terile 

11Lite mycelia. 
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Pi f__:;ure - 20, Percenta[';'e of tl.1E: ori,·_;inal dry 

11eight 'Jf l,j_ne leaf li-;:; Ger remaining 

after various periods of decompos~­

tion on the forest floor of three 

different plantations during 1976-

1977 (Nylon bag technique). 
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Figure - 30 : Percentage o~ the original dry 

we~gbt of pine leaf litter remaining 

after var~ous periods of decomposi­

tion on the forest floor ot two 

different ~~lan ta t:i ons during 1977-

1'178 (.uylon b::l.e; technique). 
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Figure - 31 Sl1.ow""ing course o C' chan~:e uf 1Jli 

ar:Cl_ :·,oisture content of :pine lec:.f 

litter kept on the forest floor 

of three di·c·feren-c :p:ant·~tions, 

at various periods of 

decomposition. 
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Figure - 32 Relationship betvrPen total number 

ol micro bt s, carbnndio~cide, 

evolu:ti on and moisture .content of 

pine litter of 1970. plant~:"tion at 

various periods of decomposition 

durin6 1977-1978. 
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Fi.c:;ure - 33 EiAtograms ~hawing percentage ot 

cellulase~ lignin and hem1cf!lllllose 

ot pine leaf litter remaininG 8fter 

vario~s periods of dPcompositio~ on 

the forest floor of thrf!e different 

plantatj_ons during 1976-1977. 
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Hi stog:rams shoi'ring percents. 6 e cellu­

lose,· lignin and hemicellulose of 

pine leaf litter remainin6 after 

various periods of decomposition on 

the forest flo or of ti':o di i'ferent 

plantatio~s durinB 1977-1978. 
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Figure - 35 (A) Showing cen~entration of total 

su6ar of pine leaf litter of three 

different plante.tion remaining 

e.fter various period of decomt'osi­

tion during 1976-1977. 

(B) Showing concentration of total 

sugar of pine leaf litter of only t1-10 

plantetj_ons remaining after various 

period· of decompositjon during 

1977-1'378. 
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Figure ... 36 (A) Sho~ing concenttation of total 

amino acid of pine leaf litter of 

three C.iffere.nt plantc-ctions remai­

ning after various period' of 

decomposition during 1976-1977. 

(B) Showinc concentr~tion of total 

amino 2.cid of pine leaf litter of 

on~y two plantations remaining 

atter various perioo ·· of decomposi­

tion during 1977-78. 
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F i r_,"Ure - 3 7 Sho1·rine; percerlta,_;e of orit:.)i::.-lal dry 

\·~eight of :pine le?f J.i tter reme>.i­

ning after various reriod of 

c'fecomposition by certc:dn .~elected 

fun:_:;al species under labore,tonr 

conc1 i tion. 

Selected fungal spE'cies : 1 =Control, 

2 = Absicia cylincrosporB, 

3 = Mucor hiemali s, 4 = ~ricl.Loderma 

viride, 5 = .tenicillium chr,ysogenurn, 

o = Clc_dosporiuLl herbarUill, 

7 = Sporobolomyces roseus, 8 == l-lixef 

inoculum. 
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Fi~~ure - ~8 a :Shov~ing percPnt~ ce of cel:::.ulose, 

~Pr:Li cel2.u~_o:Je 8_nd J..i,:::;nin remaining 

in pine litte~ sfter various period: 

of deco~position by certain 

selectee. fungal species unc, er 

labore.tory conC.i tj_on. 

Selected fungal species : 1=Control 

~ = Absidia cyJ.indrosporc:., 3=l·lv.cor 

hiemalis, 4 = ~richoderma viride, 

5 = Penici lliu:o. chr;vsogenu..-:1.L · 

b == Cladosnorj_um herbS-rum, 

7 - Sporobolomyces rosPus, 8 

8 == hixed inoculum. 
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Figure - 39 ~hov:in;- evolution of Co2 from pine 

litter &t various ptrio0' of decom-

positio,, by certain sel--cteo 

fungal species un~er labor8tory 

conO.itioh. 

3elected ~un~al species : 1=Control, 

2 == .c1.bsidia cylindrospora, 3=I•1ucor 

hiemalis, 4 == 1frihhod~ vi ride, 

5 == ..c'enicilliu!"l chrysogemu1, 

6 = (..!lados roriuw herba:~um, 

7 = ~porobolo1yce~ roseus 
' . 

8 = Mixed inoculum. 
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FigurE:' - 4' 1 

.J:', ~OLtJLt .,.i C ~Cid 

7 ll-r n tisi -~ acld. 
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n:!: vnriou.s phyto"tO'~ins jn le·:chates 

of deco~J1sin~ pine litter. 

2 .!:', coT:1dric ::cid 

G == J?:;~o "to cat c c~mi c :::~cid • 
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./V U.I'P - ~1 3 

n!:.' :;_i Lte..,.... 

2 1?, cotJqaric R.Cld 

4 'Te~llll8 "'c:.CJ 

5 ,.uini c c. c:.c1 

8 ~Caffeic CClC. 
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Fi~u.re - -4-4 

of decom~osinG pi~e Li~te~. 

2 =- J), co'J.nt? ric ~ citi 

4 ~ Venilli~ acid 

5 = \Juini c ac±tl· 

G = BrctdcatPCL~ic ~ciQ 

7 = u-Pntisih. ucici 

2 -= Cc f.fei c :..~ cid 

'? ,nidentifiN1 K~· - O.o'JO. 
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5 =- ,.uinic ; .cic!. 

'..r8 n ti si 1: acir~ 

C:; i 1'ei c acid 

u~licien tifi <d .lif ) . d41 . 
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Cl1 r0 nc::. to._~r8ltl shonj_ n.'.', tl1e .L.;::~e n en ce 

-;£' vc.:trio s !Jhyt0t0~:ins 2..n lPacnates 

Of pinP lit~er dPCO~pOGRd in 

1-'JJ)<:::!'c:, t.__,r;',' cordi ti on b;y ce1. taln 

SPlecte,.J :fu.J.'1.J;ul specie;:;. 

rhv-:oto:~ins 

J .Fe:r(.llic ZJ.c~r3 

6 = ... : :;~c.,-:. ocate c!w.i c <:J~ cid 

8 C8i~eic ~cid. 
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A. Field decomposition studies :-

Initially lesser microbial population from 

litter kept on the forest floors may be partly because 

of resistant nature of pine needles towards the first 

wave of microbial attack (Figs. 21-24). Further, low 

moisture content at the time (Figs. 21-24) perhaps 

did aot favour leaching of soluble nutrients to suppert 

the microbial growth. As the litter withia the bags 

were exposed further to weathering on the forest floor, 

more soluble nutrients were available ia the form of 

soluble sugars and amino acids as these two constituents 

were rapidly lost at the early stages of decomposition 

(Figs. 35,36). Moisture content of litter which was 

fairly high due to high rainfall, also probably helped 

in the bu!lt up of the microbial population (Figa.21-24). 

It seems, therefore,that moisture content and nutrient 

status of litter under natural condition play a 

significant role in the growth of microflora during the 

process of decomposition. Rai (1973) stressed the 

importance of moisture content and nutrient status of 

substrate ia the succession of fungi on decaying leaves. 

Jensen (1974) also emphasized that in more resistant 

litter, development of bacterial flora is slower, and 

the number may increase gradually over a long period 

owing to improved moisture conditions. 

Agaia aa excess moisture content led to a decrease 

in microbial-population on decomposing pine litter 

(Figs.21-24). This could be due to lack of aeration which 

affected microbial activity adversely (Mikola, 1954; 
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Witkamp, 1966). 

Significant seasonal chaages in the microbial 

population on decomposing litter was observed. 

(Tables 60,61,62)~ Seasonal changes in the atmospheric 

temperature, rainfall and humidity (Fig.13) seems to 

have pronounced impact on the competitive saprophytic 

ability of microbes, and on the ~antity of nutrients 

present in decomposing litter. Holm and Jensen (1972) 

also observed that the bacterial numbers in 

decomposing litter of Fagus sylvatica were affected 

more by the changing weather conditions than by age 

of the litter. 

A gradual increase in the litter microflora 

at the early stage of decomposition (Figs. 21-24) may 

be also explained due to intensive activity of the 

fauna which exposed litter surface for rapid 

decomposition. This has beea confirmed by the studies 

conducted on the litter under the same conditions by 

Reddy (unpublished). The importance of the micro fauna 

in the litter decomposition has been well documented by 

several workers~(Abrahamsen, 1972; Anderson,1975} 

.. 
The increase in the microflora during rainy 

(July-September) and summeP (March-May) and subsequent 

decrease in the population during winter months Shows 

~ a definite affect of weathering on changing microflora of 

decomposing litter under natural condition (Figs. 21-24). 

pH of pine litter invariably affected the growth 
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of fungi of the decomposing litter. Acidic nature of 

litter perhaps favoured the growth of more and more 

fuagi oa decomposing litter. The role of bacteria in 

decomposition of acidic litter is not clear (Miller, 

1974). However, in the present study a overwhelming 

dominance of bacteria and actinomycetes on the 

decomposing litter suggests that pH is not a critical 

factor for the growth of these organisms in the nature 

where other factors are also operatiRg simultaneously. 

Mikola ~ ~ (1957) also reported a dominance of 

bacteria on Pinus sylvestris litter in Finland. Stout 

(1961) and Goodfellow !1 ~. (1968) on the otherhand 

reported a fairly large quantity of bacteria in litter 

of Pinus radiata and Pinus nigra respectively. 

Insignificant variation in the fungal and 

bacterial population of decomposing litter between 

different pine stands is in agreement with the result 

of Witkamp (1966)(Tables 60,61). It may partly be due 

to the exposure of litter practically under the 

influence of same environment of the locality and also 

due to the presence of almost similar nutrient status 

of litter of all the stands. The quantity of cellulose, 

hemicellulose, ligniD, total sugar and aminoacids are 

almost same in the litter of all the stands (Figs.29, 

33,35,36). 

A small number of fungi including few 

phycomycetes, yeasts and majority of deuteromycetes 

particularly species of Trichoderma, Penicil~um, 
Cladosporium, appeared on the decomposing needles of 
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all the plantations without any regular sequence 

(Tables 66-69). Several of them particularly Pythium 

sp., Penicillium chr*sogenum, Trichoderma vir.ide, 

Cladosporium herbirum and sterile white mycelia were 

isolated with high frequency but majority of the fungi 

exhibited low percentage occurence (Figs.25-28). Many 

of them were present on the litter with fairly large 

population on different sampll.ng periods. The dynamic 

changes in the microbial balance (Garrett, 1963), 

certain antagonistic factors (Lockwood, 1964), nutrient 

status of the decomposing litter and the release of 

different substances seems to govern the discontinuous 

occurence of litter fungi in varying frequencies. 

The reason for the occurence of very small 

number of fungal species on decomposing pine litter in 

comparison to the litter of other tree species may be 

due to release of phenolic compounds (Phytotoxic 

substances) which have been identified from decomposing 

litter (Figs. 40-44) (Tables 66-69). In a few case,, 

however, phenolic substances particularly Ferulic acid 

is found to be utilized by microfungi of both litter 

and soil 0Black and Dix, 1976). The inhibitory action 

of other phytotoxins in litter decomposition is well 

documented by Patrick ll al (1964); Touas.oun ll §!:1. 

( 1968); Patrick, ( 1971 ) and Lockwood, ( 1963). 

Also'serial dilution plate technique'for the 

isolation of fungi from litter might have faJe~red the 
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growth of only those organisms which are nutritionally 

and competitively better favoured on the plates. 

Inspite of this Lacuna•,this method has been widely 

used for such studies (Guillemat ~ ~, 1957; Witkamp 

1963). Failure to interpret plate counts in the past 

is presumably due to the results based on too few 

samplings. Dilution plate method therefore may not be 

a reason for low counts of the fungi. Production of 

phytotoxins seems to play a dominant role for such a 

low number of fungal species on decomposing litter. 

Iviishra ,U al (unpublished) recently observed the 

inhibition in the growth of certain fungi in pine 

litter leachates which they expect to be due to the 

production of some phytotoxins from pine needles. 

The occurence of two phycomycetes, Pythium sp. 

and Mucor hiemalis as dominant forms at the early stage 

of litter decomposition is due to their greater affinity 

towards sugars and aminoacids liberated (Figs. 25-27). 

In general early colonizers of conifers litter are 

bacteria, ascomycetes, deuteromycetes and some 

basidiomycetes, which attack simple carbohydrates and 

cellulose. These are followed by phycomycetes, 

particularly members of mucorales which can utilize the 

fungal breakdown products, perhaps in combination with 

meiofauna (Miller, 1974). Considerable defrease and 

rather disappearance of phycomycetes at later stages 

may be due to changed nature of the substrate. 

The present study showed that majority of the 



total mycoflora is represented by the deuteromycetes, 

particularly Trichoderma viride, Penicillium 

chrysogenum and Cladosporium herbarum (Figs.25-28). 

The deuteromycetes have been found to play the most 

important role in pine litter decomposition. Occurence 

of the above mentioned fungi on decomposing litter 

could be explained in terms of their adaptation to 

utilize dif~erent phytotoxic compounds from 

decomposing litter (Black£!~ 1976). The nature and 

the environmental conditions of the microhabitat 

exercise a broad selective effect upon the kind of 

microorganisms that enter into the competition. A ~ 

definite correlation appears between the substrate and 

the different fungi that colonize it. As plant materials 

are decomposed by fungi, a variety of organic substances 

are presented in turn to a succession of ecological 

groups of fungi, each organism or group of organisms 

altering the organic constituents until complete 

decomposition occurs (Alexander, 1961; Garrett,1951). 

These organic constituents serve the basis for olaasfying 

the fungi into different ecological groups; the sugar 

fungi (Burges, 1939) thnt decompose simple carbon 

compounds and sucars, mostly the phycomycetes which are 

called 'primary colonizers'. These, in turn, are followed 

by cellulose decomposing fungi which include the members 

of ascomycetes and several imperfect fungi. These forms 

are grouped as 'secondary colonizers'. The fungi which 

are responsible for the decomposition of lignin like 
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complex forms of nutrients, appear in the last, and 

most of the basidiomycetes fall in this category 

(Garrett, 1963). 

The presence of greater number of sterile forms 

in high frequency throughout decomposition period may be 

due to their high saprophytic ability which facilitate 

their survival even under adverse circumstances 

(Figs.25-27). Similar views were put forward by other 

workers as well as (Nicot, 1960; Gadgil,1965; Mishra, 

1966 a,b; Singh, 1967; Kanaujia, 1973). 

The rate of decomposition of Pine litter is 

extremely slow (Figs.29-30). It is perhaps primarily due 

to a combination of a low-base status substrate (Fig.31) 

containing resistant substances such as waxes, resins 

and lignin and the cold climate. These conditions do 

not favour an active microflora or meiofauna (Tables 

66-69). Miller (1974) also put forward a similar view 

regarding the decomposition of coniferous leaf litter. 

Kendrick (1959) observed that a pine needle remains in 

the L la7er for about 6 months, in the F layer for 

2 years and in the F2 layer for 7.5 years. Guittet 

( 1967) also made a similar estimate for the rate of _,,.,, 

pine litter decomposition in France, the time to reach 

pine litter into humus stage being approximately 10 years. 

Hayer ( 1962) estimated that duration for the 

decomposition of Picea abies varied between 17 and 31 

years for complete mineralization. The loss in dry 

weight of Pine litter at the early stage of decomposition 
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i.e. ~rom June-September was little faster than rest 

of the study periods (Figa.29-30).Thia is primarily 

due to an increase in the moisture condition of the 

litter high rainfall and increase in atmospheric 

temperature (Figs.13 and 31).These environmental 

factors have been suggested to govern the rate of 

litter decomposition (Williams and Gray 1974). Also 

during that periods litter microflora increased very 

rapidly probably due to rapid utilization of soluble 

sugar and amono acid from Pine litter (Figs.35 A,B 

and 36 A,A). 

Agaia an excess of moisture in litter (Fig.31) 

probably suppressed the rate of decomposition during the 

middle and Ia tter stages due to lack of aeration and 

reduction ia microbial activity (Mikola, 1954; Witkamp, 

1966). It has been noted that soil moisture and 

temperature control the movement and feeding activity 

of micro:l'auna, (.Hayes, 1965; I•Ietz, 1971; Usher, 1970). 

Exclusion of larger soil fauna including earthworms 

due to small meah size of the litter bags used in the 

present study may also account for the slow rate of 

decomposition. 

There have been few detail studies specifically 

oa the chemistry of the decomposition of coniferous 

litter. Sokolov and Y~rpova (1965) studied decomposition, 

humification and mineralization in a mixed pine forest 

pod sol (Niller, 1974). They founc. that first substances 

decomposed were the water soluble, &loohol and benzene 

extractives such as starcn,..'hemicellulose and 
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amino acids, Lic:;nin 1ms decomposed later. Aihmost a 

similar result v~s observed in the present investigation 

·where :tate of dtsappearance of total sugar, amino acid and 

hemicellulose was much faster than any other components 

(Figs.35 .d, 35 B, and 36 A and 36 B).·.rhese studies suggest 

that autolytic process in decoro.posing litter lead very 

quickly to the decomposition of sugars: Proteins and amino 

acids and the compounds i'l"hicn :1re di':'icult to i.1ydrolrseare 

li5nin anc1 cellulose. ~1-s 'tne po_pul8. tion of d euj;eromycet~ s 

fungi increased during decooposi tion Hlore cellulose was 

deco~posed (Fig.33-34). The constancy of the percentace 

of lignin in decomposing litter under natural condition 

could be due to the slow exposure of this constituent to 

microbial metabolism throuch the removal of other 

components. 

A substantial increase in the concentration of 

total sugar and ar.1ino acids durin,:; the early sta~;e of 

litter decomposition (Figs. 35 4 and 36 B) suggests the 

possibility of the incor-Jor':ttion of func;al mycelia and 

small animals with litter due to the increased activity of 

microbes during this period. Such increa.s~? in the absolute 

amount of mitrosen in the oak litter durin0 f~rst 10 months 

of decomposition ·was observed by Gilbert cl al (1960) and 

he correlated this v.Ji th nre s ence of small animals invadinu· • 0 

the litter, which could not be sorted out during esti;:J.ation. 

Earlier, 3aito (1957) also demonstrated a similar increase 

in nitrogen in beech litter during thP course of decompo-

sition but he did not su~:est a possible cause. Recently 

Das, ( unpublished ) also accounted a similar 

increase in percen~agP ni'trogen 
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in pine litter during certain periods of decomposition 

under natural condition. Litter bags method has become 

a standard technique for estimating ~he decomposition 

rate of leaves, comparing the decomposition of various 

species, and characterizing different geographic areas 

(Ando 1970; Gosz ~ ~~ 1973; Macauley 1975; ~likola 

1960; Witkamp, 1966). A significant difference was 

observed in the rate of pine leaf decomposition under 

different stands in the same locality (Table 70). It 

may primarily be due to certain abiotic factors which 

could not be accounted here. Mikola (1960), for instance, 

found no clear difference in decomposition of litter in 

pine and spruce stands in the same locality but he did 

find a difference between stands in Southern and 

Northern Finland. 

Measurements of Co2 production in the field are 

frequently used in estimations of rates of organic 

matter breakdown (Roes et §1 1973). Significant positive 

correlations between C02 evolution and rate of weight 

loss from the present study will aid in the prediction 

of decay rates and rates of mineral turnover in the 

forest floor under various ecological conditions. Witkamp 

(1966) also observed a similar positive correlation between 

Co2 evolution and rate of weight loss of decomposing 

litter under field conditions. 

Significant positive correlations also existed for 

mean annual Co2 production and a combined estimate for 

microbial population (r = 0.810 pL0.001 ). This estimate 

equates all bacterial and fungal counts on 

If 
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that under the wide variety of ecological conditions both 

counts represent equal breakdown potentials (Witkamp,1963). 

B. Laboratory decomposition studies :-

A significant difference in the dry weight loss 

of litter caused by different fungal species under 

laboratory condition indicates that different fungal 

species have different decom~osing ability even under the 

identical environmental situations (Table 76)(Fig.37). The 

present study was carried out at room temperature for all 

the species tested and the moisture content of soil was 

also identical for each set. The variation in the 

percentage loss of cellulose and hemicellulose (Tables 

77-78) (Fig.38).-., ,different tungal species suggests that 

the rate of decomposition of an organic material is 
I 

closely linked with growth of the organisms associated 

with decomposition. The rate of decomposition of any 

substrate is generally proportional to the growth rate 

of its decomposers (Parnas, 1975). 

However, if we compare the rate of pine litter 

decomposition in laboratory condition with that of forest 

floor we find that comparatively less amount of litter was 

decomposed under the laboratory condition. Only 7-25% of 

litter was decomposed in nine months (Fig.37). This may be 

primarily due to the total exclusion of decomposer fauna 

from both the soil and litter due to sterilization, and 

also due to several biotic and abiotic factors, which 

influence the rate of litter decomposition under field 

conditiona The importance of microfauna in decomposition 

of forest litter has been well documented by several 
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authors (Heath and King, 1964; Minderma%~ ~,1967; 

Abrahamsen,1972;and Anderson,1975). Their exclusion 

from the litter will substantially decrease the rate 

of decomposition. In~laboratory experiments, where 

faunal activity was exclud~d, Broadfoot and Pierre 

(1939) and Lossaint (1953) found that the most important 

factors controlling the decomposition rate were the 

contents of water soluble organic matter, nitrogen, 

excess-base and calcium. The soluble organic substances 

were important mainly in the initial phase and excess 

base and soluble calcium during the later stages of 

decomposition. 

Plants contain a variety of polyhydroxy phenols 

which vary from 57~ to 15/; of their dry weight. Some may 

be extracted with water to give tannins and they may be 

thus leached from litters into the soil. There is 

increasing amount of evidence for the importance of these 

substances in controlling rates of litter decomposition 

(viilliams and Gray, 1974). During the course of the 

present investigation, it was observed that pine leaf 

litter decomposing in sterile soils amended separately 

with certain fungal isolates produced more phytotoxic 

substances during the early stage (Figs. 45-47). Production 

of excess of these substances affected the growth of the 

fungus adversely and this probably accounted for slow rate 

of decomposition at the later stage. 

As regaris the loss of cellulose, hemicellulose 

and lignin content of pine litter different species of 

fungi exhibited varied ability to decompose the three 
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constituents (Fig.38). The more loss of cellulose and 

hemicellulose caused by Mucor hiemalia, Trichoderma 

viride, Cladosporium herbarum, Sporobolomyces roseus, 

Absidia cylindrospora, Penicillium chrysogenum and 

mixed inoculum (Table 81), suggests their more affinity 

towards the rapid utilization of carbohydrates for 

better adaptation. 

In the present study the active degradation of 

cellulese and hemicellulose by the test fUngi probably 

led to the production of toxins which perhaps adversely 

affected the growing fumgi further to decompose lignin 

(Figs. 45-47). It is believed that these toxic compounds 

are intermediate breakdown products of eellulose and 

other plant constituents (Patrick and Touaaoun, 1965). 

Miller (1955) and Miller~~ (1958) have also made the 

similar reports. 

More carbondioxide production from litter 

inoculated with Trichodenaa viride, Penicillium 

chrysogenum, Cladosporium herbarumk Sporobolomycea roseus 

and mixed culture suggests their efficiency to decompose 

the substrate during different periods (Table 81). A 

substantial increase in the evolution of Co2 from litter 

of all the sets during early stages of decomposition 

indicates i•itially a rapid breakdown of litter by 

different fungi {Fig.39). With the progress of 

decomposition, however, more toxic compounds were perhaps 

produced due to which the growth of the inoculated fungi 

was probably inhibited on litter and therefore a decline 

in the carbon dioxide production was observed at the 

latter stages (Fig.39). 



CHAPTER - 4. 

EFFECT OF THE .AI1END~'!l~H1' OF PINE LEAF LITTER 

ON SOlL 1·llCRcBIAL POPULATION. 
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Since the recognition of the phenomenon of 

mycostasis in soil, attention has been given to the role 

of amendments on the growth and actlvities of soil microbes. 

The theory underlyine the biological control of soil-born 

plant pathogens depends on amending the soil with crop 

residues. This activates the saprophytes for active 

decompQsition resulting into a state of microbial 

competition and antibiosis \ihich are detrimental to the 

pathogens {Forbes, 1974). 

The production by soil microorganisms of chemicals 

toxic to others is well knorm and it is frequent during 

active growth of the Microbes. It is untenable to suggest 

that microorganisms, despite their vast numbers ~n soil 

compete for physical spece, it is expected, however, that 

they compete for sites, free from toxic substances. Plant 

residues added to the soil are thus both a source of 

available nutrients, and are a fresh physical substratum 

in which antibiosis is at a minimum. 

The addition of plant residues to soil provides 

soluble and easily available energy rna terials vlhich results 

in explosion of microbial activity (Burges, 1967). 

Plant debris is usually a principal substrate added 

to the soil system and it plays an important role in 

maintaining soil ferti:ti ty, affectine; both the physical 

structure of the soil and its nutrient status. The study of 

plant resadues and their decomposition has been vigorously 

pursued with a view to biological control of plant 

pathogenic organisms. 

The decomposition of organic materials of plant and 
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animal origin is an important stage in the re-circulation 

of plant nutrients via the soil-plant -animal cycle 

(Floate 1970). There have been few detailed studies 

specificail~ on the chemistry of the decomposition of the 

coniferous leaf litter. Sokolov and Karpova, (1965) studied 

decomposition, humification and mineralization in a mixed 

pine forest podsol.They found that the first substances 

decomposed were water soluble alcohol and benzene extractives 

sueh as starch, hemicellulose and aminoacids. Inorganic 

residues and lignin were decomposed later.The remaining 

humus contained humic acid, fulvic acid, various 

hydrolysate residues and 7% of \-:axes and resins. It is a 

well known phenomenon that dead leaves release a variety 

of inorganic salts and orgru1ic substances when soaked in 

water. Typically 1-3% of the dry weight of the needles may 

be lost after soakine for one day. Nykvist (1959) stated 

that it is likely that these leachates influence the ~rowth 

of soil fungi during the early stages of decomposition. 

There are evidences that decomposition of plant 

residue in the soil results in the formation of compounds 

which may have either favourable or unfavourable effects on 

plants as well as on soil microorganisms. The idea 

develbpee after the work of Patrick, ~ ~ (1964), 

Toussoun et ~ ( 1968). Toussonn fU al ( 1969) demonstrated 

that when Fusarium chlamydospores in forest soil were 

exposed to pine duff extracts, 95-98;~ germinated and lysed. 

Recently Freddi ~ al (1975) demonstrated the 

lysis of germ tube of Fusarium oxysporum in non-sterile 

soil in presence of five acids extracted from pine needles. 



162 
They suggested that presence of these acids in pine 

forest soil may be partly responsible for the absence of 

Fusarium spp from the soils. 

Biological control appears to be a highly, if not 

the most promising line of research on root diseases. 

Ordinary soil contains numerous microorganisms 

antagonistic to root pathogens. However, practically 

nothing is known of the conditions that determine abundance 

and activity of these beneficial organisms. The various 

ways in which they affect pathogens are poorly understood 

and they are exceedingly difficult to study under field 

conditions. If organic amendments can be used to promote 

growth of appropriate antagonistic microorganisms as an 

effective substitute for chemicals in control of ro•t 

diseases, many of the undesirable features of chemical 

treatments may be avoided. Additional benefits may also be 

obtained in the form of improved soil structure and 

fertility. 

The present investigation was conducted to study 

the effect of litter on the soil microflora. The effort 

has also been made to detect the phytotoxiDs released 

during the decomposition of litter. The germination 

behaviour of certain soil fungi in leachates collected 

from litter and amended and un&~ended soils has also been 

investigated. The decomposing litter, a part of the soil 

system, may be effective in regulating the soil microflora 

in various ways and this matter has been explored during 

the present study. 
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The '\'rork on effect of organic matter amendments 

on soil mi croflora was pioneered by McLean and vlilson 

(1914) and Wakeman and Starkey (1924). Jensen (1931) 

observed that addition of farmyard manure and fresh 

straw in acidic soils increased the species of 

Cephalosporium. Singh (1g37) showed that number of 

microorganisms in soil was directly influenced by 

different manural treatments. 

The negative affect of organic amendment on 

soil fungi has been reported by many workers (Guillemat 

and 1·fon tegut, 1960; Das, 1963; Reddy and Rao, 1965). The 

effect of organic amendment in soil was studied by Davey 

and Papavizas (1960). They added immature (green) and 

mature (dry) plant material to a loamy sand green hcuse 

soil and Elsinoboro sandy soil and determined their effect 

on rhizosphere microflora. They observed an increase in 

fungi. by amendments. ~uali tati vely few genera were 

stimulated whereas others were unaffected, reduced or 

apparently elimin~ted. Toussoun ~ al (1963) studied the 

effect of phytotoxic decomposition products of various 

crop residues on the chlamydospores of Fusarium solani 

in soil. 

Maurer and B~ker (1964, 1965) studied the effect 

of chi tin and lignin amendments in the soil and observed 

a decrease in Fusarium population of bean plants. The 

effect of chitin amendment on the root fungi of peas was 

studied by Khalifa (1965). A considerable decrease in the 

severity of pea wilt caused by Fusarium oxysporum was 

reported by him. He also studied the effect of pectin, 
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glucose, cellulose and laminarin,and found them less 

effective than chitin against Fusarium wilt. 

The decrease in fungal population due to the 

amendment of various organic matter has also been 

reported by Dransfield and l:IcDonald ( 1966); Snyder 

(1960); Stover (1962); Henis ~ al (1967); Singh and 

Pandey (1966); Adams~~ (1968); Lu (1968); Ghaffar 

.!U, al ( 1969) and I•.lanning and Crossan ( 1969). 

Huber and Watson (1970) studied the effect of 

various organic amendments on soil borne plant 

pathogens. They found that disease severity \'las 

correlated with the effect of specific crop residues in 

soil on nitrification. 

Garrett (1970) pointed out that in general the 

beneficial effects of crop residue decomposition on soil 

greatly outweigh the harmful effects. Nevertheless, work 

on phytotoxic decomposition products has been important 

in:~elping to unreveal such problems as 'sick soil' 

associated with replanting fruit trees. 

Kanaujia (1973) observed that the harvesting of 

the crop and various amendments of the soil exerted 

litt~e effect on the mycofloral succession except that 

both these factors hastened the decomposition of the 

plant material. He recorded higher fungal population in 

majority of the plots amended with organic manure, 

fertilizers, and plant-parts. 

Vishwanath ~ al (1975) investigated 

dehydrogenase activity and microbial population in 

amended and unamended soils with incubation. Johri ~ ~ 
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(1975) also studied the ecology of thermophilic 

mycoflora of amended and unamended soils '\'Ti th incubation. 

The$ found little fluctuations in the population oflfungi and 

actinomycetes during the entire period of incubation, 

irrespective of whether they received nutrients or not. 

Okpala (1975) studied the effect of various organic 

soil amendments on "damping off" of Lettuce caused by 

Corticum praticola. 

Various organic matter amendment in soil and its 

effects on soil microbial activity was st~died by 

Vertraete and Voets (1976). They revealed a strong effect 

of organic fertilization on soil microbial activity. 

Chavez et ~ (1976) studied the effect of the 

amendment of crop residues in soil to control 

Pbytomatotrichum, root rot o:.f cotton. Nehrotra and 

Te,.,ari ( 1976) studied the effect of soil organic 

amendments on control of foot rot of Piper betel caused 

by Ph¥tophthora parasitica. 

Grover (1977) studied the effect of various 

organic and inorganic fertilizers and organic manure on 

the mycoflora of decomposinz plant material in sci~. ~e 

observed that fungal population of the soil in different 

set~ of amendments e){hibited a regular pattern.He also 

observed that the highest fungal population in soil was 

associated with the sets amended with organic manure. 



1*****************************t 

* * * MATERIALS AND METHODS ~ 

~ * * ~*****************************~ 
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I 

Te i•vesticate the effect ef amendment of pi•e 

leaf litter o• soil microflora the experimemts were 

coaducted in net house for a period of eight months i.e. 

from Juae 1977 to January 1978. Two types of litter : 

freshry fallen and semidecompased were used in this 

experiment. Both type of needles were collected separately 

from the oldest age group of piae stand (1955 pi•e 

plaatatiom) aad were brought to the laberatory.Soil from 

the same pine stand was also collected and brought to the 

laboratory. 

Tke experiment was conducted in plastic pots. 

1.0 kg. of unsterilized soil was filled in each pot. 

Freshly fallen needles aad semidecemposed needles were 

amended separately in each pot at the rate cf 500 1 per 

pot. The amount af the litter used gaY& almost the same 

thickness oa s•rface of the pot soil which is normally 

available o• the forest floor. Three replicate sets were 

maintained fer each amendment and for each samplimg period. 

Likewise three replicate sets were left uname•ded and kept 

as control. All the pots were kept in •et house under 

natural coBdition. 

Moisture status of the soil in all the pots was 

adjusted regularly to field capacity by adding equal 

~uantity ef water. 

The first sampling of the deoompesing litter 

(freshly fallen needles and semidecomposed needles) and soil 

was done after one month of amendment and subsequent sampliigs 

were also done at an interval of one month. 
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Duriag eaca sampling perieds soil was collected 

i• sterilized polythe•e aacs separately from the pots 

amended with freshly fallen piBe needles, semidecoapesed 

aeedles aad u.ameaded pets. In each case soil from these 

replicate pots was mixed thoruughly to minimize Local 

variatioft. 50 g of soil in each case was traasferred 

aseptically to the ~50 ml coaical flask coatainin~ 100 al 

of · 70% ethyle alcohol. Flasks were hand shaken 

vi«orously ror half aa hour keeping the mouth closed with 

sterilized cotton plugs. ~hese washings were then filtered 

The filtrate was centrifuged at 3000 rpm rar 15 minutes 

and again riltered through Whatmaft filter paper ~o.1. The 

filtrate was concentrated to 10 ml in electric vacuua 

oven below 50°C and was Kept at 3°C iB a refrigerator for 

the detectio• ef phytotoxins. The filtrate was also used 

to test the «erminatiom aaility of the ~pores of different 

fungal species. 

Likewise ·litter samples (freshly tallen Reeales 

and semidecomposed needles) were also collected during 

each sampling period from the pets and 50 g of litter 

from each sample was transferred to 2?0 ml conical flasks 

coBtaining 100 ml of 70% ethyle alcohol. Tlie flasks were 

hand shaken vigorously for 15 minutes and were left 

overnight. These washiags were then filtered. The 

filterea leachate was centrifuged at 3000 rpm for 15 

minutes and again !'iltered through Whatman I'ilter paper 

~o.1. The leachates were then concentrated to 10 ml in 

electr~c vacuum oven Gelow 50°0 and were kept at 3°C in a 

refrigerator for the detection of pnytotoxins. The 
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leachate was alse used to test the germiaation ability 

of the spores ef different fungal species. 

Isolation •f microflora from amended aDd unamended 

Bacteria, actinomycetes and fungi were isolated 

from the seil samples during each sampling period. 

Population of all tke three groups of orcanism was studiea 

to observe the erfect of pine litter amendmeRt. Perceatage 

re~ative abuadance and percentage frequency of rungi was 

calculated as described in the materials and methods 

t Chapter 1). 

a) Iselation of funci - Warcup's soi~ plate method 

was fol~owed ior 1solation of fungi from the seil samples 

as described in the materials and methods tChapter 1). 

b) Isolatio• of bacteria and actinomycetes -

Dilution plate method was rollewed ror the isolation of 

bacteria and actinomycetes throughout the sampling period, 

as described in the materials and methods (Chapter 1). 

Bacteria and actinomycetes pepulatioB was assessed 

quaatitatively only, ~o attempt was made to identify the 

species. 

Detection et p~ytotoxins from sail extract and 

litter leacbates : Tke method for the detectioa •~ 

~hytotoxins was followed as described ia the materials aad 

methods (Chapter 3). 

Spore germiDation of certain soil fungi in the soil 

washincs and litter leachates : Certai~ seil fu•gi usually 

aominant and commonly occuring in the experime•tal sites 

were selected for this experiment. The selected fungal 
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species were Absidia cylindrospora, Pythium sp. 

Trichoderma viride, Peiicillium chrysogenum, Verticillium 

sp and Fusarium sporotrichoides.The effect of soil 

washiBgs and litter leachates on the germination of 

above mentioRed fungi was studied in cavity slides by 

han~i•g drop method. The spores were incubated at 25°C 

for 18 hours,and the number Gf germinated spores was 

ceunted at !egular i•terval till the number 8ecomes 

constant.The perceBtage of germination was determined 

in each case oB every sampli•g date. 

pH and moisture content of sail - pH and moisture 

centent of amended and unamended soil was determined at 

each sampli~g period by electric pH meter and even dry 

weight basis. 



#*************************: 
~ RESULTS t 
~ ~ 

* * ************************~~*• 
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The results of the experimental findings on Pine 

-

litter amendments in soil are represented in the follmwin& 

order -

1) Changes in the microbial population (fungi, 

bacteria, actinomycetes) and pli of unamended and amended 

soil are represented in the Figs. 4S and 49 respectively. 

Statistical ~nalyses of the results are depicted in the 

Tables 83-86. 

2) Records of percentaee relative abundance and 

frequency of funa;al species isolated from unamended and 

amended soils are represented in the Fig~ 50 and Tables 

87-89. Statistical analyses are depicted in the Tables 90-94. 

3) Records of percentage germination of spores of 

certain soil fungi in pine litter leachates are represented 

in the Fig.51 and analysis of variance of _the·-results are 

depicted in the Tables 95-100. 

4) Records of percentage germination of spores of 

some fungi in soil washings of unamended and amended soils 

are represented in the Fig.52 and statistical analyses of 

the results are depicted in the Tables 101-106. 

5) Ehytotoxins detected from pine litter and from 

unamended and amended soils ere represented in the 

Figs.53-54. 

1) Changes in the microbial population (fungi, bacteria and 

actinomycetes) and pH of the soil unamended and amended '-Ti th 

pine leaf litter :-

The fun~al papulation of the soil in different sets 

exhibited almost a regular pattern. l.t 1·Tas alv;ays maximum in 

the beginning and minimum in the end (Fig.48 A). It was 



observed that the fungal popul.::ttion fairly increased in 

tile soil amended ·with both fresh and semidecomposed 

litter, except in the month of January (Fig.48 a). ~ 

regular decreasing trend in fungal population in the 

control set was recorded (Fig.48 A). Inthe amended sets 

this trend i•ras not observed and. the fungal population 

was almost the same throughout the observation period 

except in the month of January. The maximum fungal 

population in U..."'lamended sets lias recorded in the 

oonth of July and October respectively and the 

min~_;;mm populEl_tion vms recorded in the :nonth of 

J-anuary in all the three sets (Fig.4S a). The variation 

in the fungal population of soil due to litter 

amendnents was not significant statistically. The 

variation however, due to the effect of season -v;as 

significant (Table 83). -- ~··-
~ ~ ., . - . 

The bacterial popul2tion increased in all 

the sets during the month of au£_ust and subsequently 

decreased in the amended sets during the later periods 

(Fig.48 :0). The peak population in unamended soil (Ui.~) 

was ho,.rever observed in the month of October, 1-rhile 

in soil aMended l·ri th fresh litter ( Sl1 ) and semide­

composed litter (SL2 ) the maximum population was 

recorded in September and August respectively. a drop 

in the bacterial population was observed in the soil 

amended with fresh mitter (SL1 ) from the month of 

September to January !'l.nd soil amended vrith semidecomposed 

litter (SL2 ) from August fm January (i'ig.48 B). 

Statistically no si5ni£'icant effect of litter 
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ameadment e• bacterial pepulatio~ was oaserved. The 

variation in tae pepulatiea due to different seasens was 

also not sig.ni~ica•t (Table 84). 

Actinomycetes population ef the sail in different 

sets exhibited almost a similar trend. The po,ulatioa 

gradually iacreased in all the sets but more imcrease ia 

the populatien was observed in the sets amended with the 

litter (Fie. 48-C). The peak populatioa was observed in 

the month of September im unamended soil (UN), in January 

in the soil amended with fresh pine litter (Sl1 ) and in 

October ia the soil amended with semidecomposed litter 

Statistically no significant effect of litter 

amendaents on actinomycetes population was observed. The 

variation in the populatio~ in different seasons was also 

not sicnificant statistically (Table 85). 

pH of the seil though varied significantly in 

different seasons, however, was not affected by pine 

litter amendment (Table 86). 

2) Records of percentage relative abundance and frequency 

of fu!Jal species in unamended aad amended soil :-

Only seven fungal species, viz; 3 phycomycetes aad 

four members ef fungi imperfecti were isolated from the 

unamended soil whereas only six fungal species, viz; 2 

phycomycetes and four members of fungi imperfecti were 

isolated from the soil amended with fresh leaf litter (Sl1) 

7 fungal species, viz; 2 phycomycetes and 5 mem&ers of 
• 

fungi imperfecti were isolated ~rom the soil amended with 
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semidecomposed litter (Sl2 ) {Tables 87-89). 

Absidia cylindrospora, Pythium sp and Trichoderma 

viride were found to be dominantly associated with all the 

three sets (Tables 87-89). The relative abundance of 

Absidia cyli•drospora during different sampling periods 

was almost similar i~ all the three sets except in the 
, 

month of September when it was found to be significaatly 

low in the amemded than in the unamended sets (UN), 

(Fig.50 and Tables 87-89). There was an increasing trend 

in the abundance ~f this fungal species from the month 

of July to September in soil amended with semidecomposed 

litter {Sl2 ) and unamended sets but a decrease was 

recorded subsequently. Statistically no significant effect 

of litter amendment was observed o• the abundance ef this 

species in soil (fable 90). 

The relative abundance of Pythium sp in soil 

during different sampling periods was almost sim1lar in all 

the three sets. This species appeared in the soil with 

high relative abundance duriag the moaths of July and 

August. A decrease in the population was marked in tke soil 

amended with fresh pine litter {Sl1 ) from September to 

January. The population was almost same in the soil amended 

with semidecompesed litter (Sl2 ) throughout the oDservatiea 

(Fig.50). There was DO statistically significant effect of 

litter amendments on the abundance of this fungus in the 

soil, the variation which occured in the soil was due to 

the different seasons (Table 91). 

The relative abundance of Trichoderma viride in 
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sail shewed a somewhat different picture than the other 

two dominant s,ecies described above. The population was 

always higher iB the soil amended with semidecomposed 

litter (Sl2 ) but the population in the soil was mot 

markedly affected with amendment of fresh pine aeedles 

(Fig.50). A decreasing trend in the population was 

marked ia all the sets from the month of July to 

September and it increased su&sequently from the moath of 

October-January (Fig.50 and Tables 87-89). The variatioB 

in the perceatage relative ab~dance of this species im 

seil was due to seasonal effect and was found to be 

statistically significant ~Table 92). 

It was interesting to note that though Penicillium 

chrysogenum was a occasionally occuring species ef the 

unamended soil, the species appeared as a common form in 

the soil amended with fresh pine litter (Sl1 ) and was 

almost not recorded from the soil amended with semidecompesed 

litter (Sl2 ), (~ig.50 and Tables 87-89). The population ef 

this species in soil of all the three sets was very low as 

compared to Absidia cylindrospora, Trichoderma viride a•d 

Pythium sp (Fig.50). Statistically no significaat effect of 

pine litter ameadments was observed en the abunda•ce of 

th1s species in soil (fable 93). 

A similar result was observed with Phoma humicola 

ihe fungus was isolated occasionally from the unamended soil 

aad it appeared as a cojmon species in the soil amended with 

semidecomposed litter (Sl2 ) (Tables 87-89). The population 

was highest in the month of January in unamended soil and in 

soil amended with fresh pine litter (Sl1 ) whereas it was 
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very low in the month ef January in the seil ameDded with 

semideeompesed litter (Sl2 ). 

A species of Verticillium was recorded as rare 

species in all the three sets according to its percentage 

frequemcy (Tables 87-89).The population of this species, 

however, increased in the soil due to pine litter 

amendment (Fig.50). 

3) Percentage 1ermination of spor~s of certain soil fun1i 

in pi•e litter leachates :-

The germination of spores of some dominant and 

common soil fungi in litter leachates collected after 

different periods of amendments was studied. Six fuagal 

species namely, Absidia cylindrospora, Trichoderma viride, 

Pythyium sp, Penicillium chrysogenum, Verticillium sp aad 

Fusarium sporotrichoides were selected for ~his study. 

Germination test was carried out in two different types of 

leachates collected from Ll and 12 litter durin~ differeat 

periods. 

The highest percentage of spore germiaation of all 

the test fungi was recorded in control sets (Fig.51). In 

general, percentage germination of all tungi in 11 leachate 

at different periods of sampling was higher than in the 

leachates from 12 litter (Fig.51). However, the germinatio• 

of different fungi in leachates of 1 1 litter was low i• 

the samples collected in the months ef July, August aDd 

September i.e. after 30,60 and 90 days af amendment, and it 

exhisited a gradual rise during the later part (Fig.51). 

The inhibitian iB 12 leachates was observed 
' 

throughout the course of study for Penicillium chrysogemum 
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Fusarium spretrichoides aad Verticillium sp,. Ia case of 

Absidia cylindrospara, Trichoderma viride aBd Pythium 

species spore germination increased from the month of 

October to January (Fig.51). 

Statistically significaat effect &f litter leachates 

en spere cermination of the test fungi was recorded exce,t 

fer Trichoderma viride (Tables 95-100). 

f) Perce•tage germinatiom of fuAgal spores in soil washings 

of unamended and amended soil :-

Germiaation of spores of above mentioned fungi was 

also tested in the soil washings collected from unamended 

(UN)soil,soil amended with fresh pine litter (Sl1 ) and soil 

amended with semidecomposed litter (Sl2 ) during differeat 

sampling ~eriods. 

Spore germination of different fungi in unameaded 

soil washimgs (UN) was stimulated almost ~hroughout the 

course of iavestigation except in case ef Pythium sp where 

inhibition was observed. The germination in the washiags of 

soil amended with fresh pine litter (Sl1 ) was also nigh 

throughout the course of investication except from the 

month of October to January (Fig.52). A stimulatory effect 

on the germi•ation of spores in the washi~s of soil 

amended with semideeomposed litter (Sl2 ) was also obperved 

in the samples collected during the months of July te 

Septem8er i.e. after ~0, 60 and 90 days of litter amendment 

and thereafter the germination round to be inhibited 

(Fig. 52). 

~he spore germination of Penicillium chrysogenum, 

Verticillium sp and Fusarium sperotrichoides in control 
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sets was higher thaa tAe unamended and amenaed sets 

t~ig.52). 

~~a~iti~~c~~LY no significant variation in the 

spore germination of Absidia cylindrospora, Pythium sp 

and Trichoderma viride was noticed 8etween differemt 

sets of soil washings (Tables 101-103), but significant 

variation was ooserved for Penicillium ohrysogenum, 

Verticillium and Fusarium sporotrichoides (Tables 104-106). 

5) Detection ef !Rvtotoxins from decomposing pine litter 

and from unamended and amended soil :-

The liberation of phytotoxins from the decomposiag 

L 1 and L 2 litter and from unamended and amended soil at 

different time periods was studied. It was observed that 

the phytotoxins were not liberated during months of 

September and Octomer from the L 1 and ~2 litter. They 

could not also be detected in the soil durin€ these moaths. 

The toxins were •etected from the litter as well as from 

the unamended and amended soil samples in the months of 

July, August and January (Fie•~ 53-54). 

On July caffeic acid was detected in L 1 litter 

leachates and Protocatechuic, Ferulic and Quinic acids 

were detected in L2 leachates. Venillic acid was detected 

iR URamended soil whereas protocatechuic acid was detected 

from soil amended with fresh pine litter (S11) and 

semidecomposed litter (Sl2 ) (Fig.53). 

In the month of August 3,4 dihydroxy benzoic acid 

and Ferulic acid were detected in L 1 and L2 litter 

leachates respectively. Gentisic acid was detected only 

from L1 leachates (Fig.53). 
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Pretocatechuic acid and 3,4 dihydroxy benzoic 

acid were detected ia so~ amended with fresh piae litter 

(Sl1 ) aad semidecomposed litter (Sl2 ) respectively. 

Caffeic acid was detected in unamended seil (Fig.53). 

In the month of January, ~rotocatechuic acid aDd 

Caffeic acid were detected 1• L1 and L2 leaca.tes 

respectively whereas 3,4 aihydroxybenzoic acid and 

protocatechuic acid were detected in unamended and amended 

soil (~ig.54). 

• 



Figure - 48 : 
A, B, C. 

~Et-.eenc'l s 

Shol~ing the effect of ar1endr.:ent 

of pjne leaf litter in the 

population of fungi,bacteria, 

aetinomycetes in soil. 

UH 
lJ = Unamended soil 

s~ 1 = 00il amended l~th fresh pine 

litter 

·sL2= ~oil amended with semidecom­

posed litter. 
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Figure - 49 : Showin& the effect of Pine leaf 

litter amendmer_t on pH o~- the soil 

.i,egends - U1~ = Unamend pel soil 

SL1= Soil amendec -vri th frE'sh 

pine litter 

SL2= Soil [',mended Y'i th Eemide-

corupos eel litter. 

I 
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Figure - 5 11 Hi sto;:;rams shov<ing the percent8..ee 

relative abun~ance of various 

fungal species isolated from the 

soil unamenc ed ( :..:1\f), and amended 

with fresh (SL1 ) nnd semidecomposed 

pine litter (SL2 ). 

1 = .absidia cylindrospo:re, 

2 = .t>yt}lj_um sp,, 3 = Trj chodenr12-

vi ride, 4 = .l?eni cilliu::n chr;rsogenUin, 

5 = fhoma hlli~icolQ, 6 = Verticiilium sp. 
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Figure - 51 Effect of pine litter leachates 

on the sporE'· sermination of 

certain selPcted funga1 species 

:Ueach2.tes collected at different 

sampling periods. ~1 = Fresh pine 

litter, :u2 = Bemicecom~osed 

litter. 

Selected fungi 8re : 

1 = Absidie cylindrospora, 

2 = Yytrilun sp., 3 = Thichoderma 

viride, 4 = Penicillium 

c?~~sogenuru, 5 = Verticillium sp., 

6 = Fusarium sporotrichoides. 
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Figure - 52: Effect of different soil washings on 

the spore Germination of certain 

fungal species. 

Ul,l = \>iashings collected from 

unanendecl. S:'il 

SL1= Viashinc:s collected from soil 

amended I·Ti th fresh pine litter. 

SL2~ Washings co~lected from soil 

aT!l.endec1 ·vi th semidecomposed 

litter. 
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Fi~ure - 53 

:t>hytotoyins 

oi various phytotoxius in soil 

col:ec~Pd after various period8 of 

J(c) = boil ~ithout litter 

s1
1 

= Jail 81l1Pnd ed with ::re sll pine 

litter 

~1 2 == Jo il e.menc~ ed ·pi t.i: s PLlid ec or:l­

posed litter 

1 1 = Fresh pine litter 

1 2 = Sernidecoml;Osed litter. 

= 3, 4 dL~yc.roxybenzoic acid 

3 = },erulic acid 

4 -~ Venillic acic, 5 == -~uinic acid 

6 = Protoc~1techuic acid 

7 == Jentisi~ acid 8 = Ca~~eic acid 

? ::::: unidentified spots. 
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Fie;ure - 54 Chronatocrum sl1o1 inb t11.e )resPnce 

of vur::_ ous l>h,'tcJ to1~ins L~ soil 

' ashin0 3 <' "1d litter le 8 c& CPS 

anend L:en i:.;s. 

Phytotoxins 

= 3, 4 d i~~yd ro:z:yb enz oi c acid 

6 = J:rotoc2.t8chuic ~:· cid 

'' = Unidentifiec1 S_tJOts. 
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Comparatively higher t'Ulll.caJ and actinomycetes 

population was observed in amended soil (Figs.48 A, 

48 B). This may be due to increased nutrients released 
,, 

from the amended materials particularly in the form of 

sugar and amino acids. Burges (1967) showed that the 

addition of plant residues to soil provides soluble and 

easily available energy materials which re~ult in a 

"microbial explosion" of activity. High fungal counts in 

the soil of rich organic status has been reported by many 

workers (Saksena, 1955; Witkamp,1966; Dwivedi, 1966; Kamal 

1968; Mishra, 1966; a,b; Nishra and Kanaujia 1972 C; and 

Kanaujia, 1973). 

The low bacterial population in the amended soil 

even in the presence of favourable pH may be due to the 

antagonistic activity of actinomycetes population 

particularly Streptomyces sp in the soil (Figs.48,49). 

Within the soil ecosystem relative efficiency of 

each group of microorganisms in terms of litter 

decomposition is determined by direct interactions between 

particular organisms. Ivlany toxic or synergistic interactions 

may be considered in terms of the soil environment, on a 

bulk, micro or molecular scale. The organisms affect one 

another through changes brought about Within these habitats. 

Such effects may be important in regulating the populations 

of organisms in soil. 

A constant decrease in the fungal population in 

unamended soil (Fig.48 A) is perhaps due to the poor 

nutrient status and 'intercompetition between fungi for 

available food materials. There is evidence based on field 
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studies indicating that saprophytic activity in soil is 

governed by nutrient availability, particularly carbon and 

nitrogen (Forbes, 1974). Hore over presence of some 

phytotoxic compounds even an mnamended soils suggests that 

these compounds are always present in the pine soil 

(Figs.53,54). Some of these compounds are highly volatile 

and perhaps inhibit the growth o~ fungi in unamended soil. 

Recent work on volatile components of plant residues in 

soil has shown that they play a part in inducing mycostasis 

(Balis~ al, 1968; Hora et al, 1970). 

Almost a constant fungal population in amended sets 

is primarily due to a constant supply of available nutrients 

from litter to underlying soil due to a gradual breakdown 

p~ocess (Fig.48 A). 

The increase in the actinomycetes population in the 

amended sets almost throughout the observation is perhaps 

due to the_ ' ability of these group of organism to 

••ilize more resistant organic residues such as cellulose 

and lignin of litter (Fig.48 C). These organisms are 

important in humifications, and they undoubtedly play ~n 

important role in gradual transformation of the organic 

amendments (Lu, 1968). Earlier workers have also reported 

the increase in actinomycetes when fresh organic matter is 

added to the soil, as at leaf fall or when crop residues 

of farm yard manure are ploughed in (Hiltner and Stormer, 

1903; Jensen,1931; Waksman et al 1939; Saito, 1966). 

However, they often colonize new substrates slower than 

bacteria and fungi. 

The decrease in the fungi and bacteria at the end 

of the observation i.e. in the month of January, may be due 
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to the accumulation of more phjtotoxic compounds in soil 

which affected adversely the growth of these organisms. 

The spore germination of certain soil fungi was inhibited 

in soil washings of both unamended and amended sets 

collected in January (Fig.52). 

Almost no difference was observed in the 

~ualitative nature of fungi in both unamended and amended 

soils (Tables 87-89). Absidia cylindrospora, Pythium sp 

and Trichoderma viride were dominant fungi irrespective of 

amendments (Fig.50). Theyin.et.ftter'·amendment probably couldnot 
" 

exert any significant effect on the soil microfungi. 

Abundance of these species irrespective of litter amendments 

may primarily be due to the presence of already available 

substrates in pine soil. Microhabitats of the soil may also 

play a decisive pale for the growth of certain fungi in 

pine soil. However, the presence of certain phenolic 

compounds (phytotoxic substances) in the soil of both 

amended and unamended sets must have influenced the growth 

of Pythium, Absidia cylindrospora and Trichoderma viride. 

The germination of some common soil fungi in soil washings, 

collected from the both amended and unamended soil at the 

early stage of decomposition was stimulated (Fig.52). 

Menzies et al (1967) also observed an induced germiaation 

of fungi due to the presence of certain volatile components 

of plant residues in soil. Utilization of certain phenolic 

compounds by soil and litter fungi has already been 

confirmed by Black et al (1976). 

Many phytotoxins were detected in the present •tudy 

(Figa.53-54). They were generally observed during the months 

of July, August, and January. The production ··of phytotoxins 
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may be due. to the active degradation· of cellulose, 

hemicellulose, and lignin or the result of combined 

activity of decomposers. Takijima (1964) has found 

acetic, formic, butyric, lactic and succinic acids in 

rice paddy soils v1hile \'lang et al ( 1967) have reported 

phenolic acids sueh as p-hydroxy benzoic acid, P-coumaric 

acid, Vanillic, ferulic and Syringic acids in sugarcane 

fields. These materials may affect soil microorganisms 

either by serving as food source or as growth inhibitors. 

The influence is felt, either directly or indirectly by 

the multitude of living components of that soil. It is 

believed-that these toxic compounds are intermediate 

breakdown products of lignin, cellulose and other plant 

constituents (Patrick et al 1965). 
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The decomposition of leaves is not a problem 

which is entirely confifted to the litter on the forest 

floor. In fact, process of decay starts .from the very 
' 

moment the leaf is formed, and .the leaves are ,exposed~ . 
to attack by micro-organisms and animals during their 

whole life, senescence and death (Jensen, 1974). In 

this chapter, therefore emphasis will be given oa the 

description of the whole series of events related to 

the succession of microorganisms specially fungi from 

the moment of unfolding of the pine aeedles umtil the 

decomposition of fallen litter. Also the various 

ecological. factors that govern the decomposition of 

pine litter will be discussed. 

It has been shown that tree leaves are inv1rded 
l 

by microorganisms very rapidly after unfolding. Yeasts 

and filamentous fungi can also be demonstrated on the 

recently unfolded leaves. From the present investigation 

it has been demonstrated that fungi and yeasts were 

present on the pine needles even at bud stage. The 

population increased as the needles attained maturity 

(Fig.20). The source of infection presents no problem in 

ever green pine forest where microorganisms can easily 

be transferred from old to new leaves. Bacteria, yeasts 

and filamentous fungi have all been found in dormant buds 

of many trees (Davenport, 1966; Hislop and Cox,1969; 

Pugh and Buckley, 1971a). 

The phylloplane mycoflora of pine needles 

consisted of relatively few species, especially when the 
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needles were ve7y young (Tables 47-49). This may 

probably be due to the exposure to the changing 

weather conditions, the limited avaliability of 

nutrients and the presence of antimicrobial substances 

(Topps and Wain, 1957; Beck ~ ~ 1969). As the needles 

grow, mature and senesce the activity of the fungi 

increases. With increase in the availability of 

nutrients the aeedles are invaded by several 

saprophytes and pathogens. Thus, at needle fall, a 

variety of fungi may be present in or on the needles 

(Miller, 1974). 

From the present study an increase ia number of 

species was recorded from the matured green Reedles 

uatil senescent stage. The highest number of species 

was recorded on litter, after leaf ~all (~ables 50-52). 

Duriag the bud stage of pine aeedles Aureobasidium 

pullulaps and Sporobolomyces roseus were common and 

dominant species respectively (Table, 47). 

Aureobasidium pullulans as a most common filamentous 

fungus within dormant buds has also been reported by 

several earlier workers (Davenport, 1966; Pugh and 

Buckley 1971 b).As the needles grow older, other fungal 

species like Cladosporium herbarum, Penicillium 

chrysogenum, sterile white mycelia were more active and 

were abundant on the decomposing litter (Tables,48-52). 

Thus it seems that the fungi which were present oa the 

decomposing litter were present from the unfolding of 

the •eedles. 
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Tae availaaility of different types ef autrieata 

at iiffereat stages ef plaat grewth is proeably t•e maia 

facter waick ietermime tae successiea of micreercaaiaas 

•• the leaves. The pepulatien is affectea 8y nutrieat 

level ef tke leaf surface which changes with the 

release of tae suastances froa the leaf. 

Iater.nal cele»ization ef pi•e aeeiles may ee 

&y parasitic aad/er saprophytic erganisms {Ta&les 53~58). 

CGle•izers of latter group play a consiierable part in 

tecompositien of leaf tissue ami parasitic forms •ftea 

centiaue to function sapropaytically after the deata ef 

tke hest material (Saaasivan, 1939; Ganiy,1965,1966; 

Garrett, 1970). 

It is net pessible te evaluate exactly tke 

effects ef the microbial activity en ant ia tae leaves 

in the tree can~py. A certain preportion ef th~ 

phetosynthetic proiucts formea by the leaves is. ••wever, 

utilizei ay the microerganisms, and the iecompositioa of 

the leaves is alreaiy well unier way whe• they reach tAe 

ground after leaf fall. It is also highly probable that 

leaf senescence is acceleratet ey micreeial activity 

(Jellsea, 1974). 

The maximum mumber of fungal species was 

receriei. •• tae iecemposing litter (Tables 66-69) • .A. 

wide range ef deuteroaycetes was recereei threu~hout the 

ceurse $! investigation and most of them were of commea 

occurence. The deuteromycetes have been found te pl~ tae 

mest impertant role in decomposition precess. Tae deminance 

of ether forms during various stages ef deceapGsitioA may 
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De accounted tG the selective response to substrate 

available at the time of decomposition (Iwlishra,1971 a,a). 

The occurence of Pythium sp. and Mucor hiemalis 

as aominant forms at the early stages of decomposition 

is due to their great~r affinity towards sugar and 

amino acii (Figs. 25-27). 

The presence ef Trichoeerma viride, Penicillium 

chrysogenum and Cladosporium herbarum on decomposing 

litter (Figs. 25-2e) sug~ests their active rol~ in 

decomposition of pine litter. These species are pulled 

up beta from the newly fallen pine needles as well as 

from tae debris already present on soil. The presence 

of Trichoderma viride and Penicillium chrysogenum in 

piae forest woil is well documented in the Chapter 1. 

Their role in litter decomposition under laboratory 

conQitioa also su&gests that they are the active 

decomposers of pine needles (~ables 37,38). Their wide 

occure•ce on decompasiag litter could be explained in 

terms of their adaptation to utilize different phytotoxic 

compounds frem decom,osing litter (Black~ !l, 1976). 

Most of the fungi recorded in t~ preseat 

study are so called 'soil fungi', eut such a distinction 

between tae two groups, viz. soil vs. leaf litter fungi 

is to a certain extent theeretical. Cheaters (1949) and 

Pueh t:9~8) observe& that many seil fungi are found tn 

the leaf litter a•• the latter is possibly inva•~• first 

8y the fungi growi~g on iebris alreaiy present on the 

soil an• the litter contributes available energy 
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materials to both the soil fungi and the leaf litter 

fungi. However, extremely common fungi like Trichoderma 

viride, Penicillium chrysogenum, Mucor hiemalis, Pythium 

sp. and many others which are encountered from the 

decomposing pine litter. This is probably due to their 

nutritional preferences.Among the phylloplane fungi 

remarkable reduction onthe decomposing needles was noted 

in the population of Aureobasidium £Ullulans and 

Sporobolo~yces roseus (Tables 66-69). This sucgests that 

they are less active on decomposing litter. 

Surprisingly enough throughout the course of 

investigation the members of ascomycetes and basidiomy­

cetes could not be observed in any appreaiable number. 

Some sterile white mycelia sometimes found vdth clamp 

connection are suspected to be basidiomycetous but in 

this case also it is 1rith reservation only unless the 

fruiting bodies are observed.The role of the fungi of 

these ~wa·groups in decomposition of pine litter should 

not be underestimated because of their low occurrence. 

This may be due to the limitations of the techniques used 

and the media selefted. Role of this group of the fUngi 

on litter decomposition both in laboratory and field is 

'\'TOr th investiga.ting. 

A pattern of succession of some common fungi 

on pine needles from bud to senescent to decomposing 

litter is given below as tabular form. 



Unfolded 
~edles 

t 

Sporobolo- l j 

.myces roseus : J 
t 
t 

Aureobasidiumf--------
pullulans : 

t 
I 

' ~enicillium ; 
' chrysogenum l 
J 

' Sterile white• 
mycelia : 
(Basidiomyce-: 
tea) : ,--------

An onerall picture of the study reveals that the 

distribution pattern of the fungal species on and within 

decomposing pine litter, besides other environmental 

factors, is regulated by the age of needles and the type 

of toxins present. The importance of the latter in pine 

litter decomposition is vrell d ecumented in the previous 

chapters. 

Though the effort has been made in this study to 

investigate the different papameters related to pine 

litter decomposition under different ecological conditions, 

a number of question, however,still remains to be answered 

which will be looked intoin future studies. 

~. a) The role of basidiomycetes in pine litter 

decomposition. 

b) The role of mycorhizal fUngi and their anta-

gonistic effect against litter decomposing 

microbes. 

c) Sterile mycelia and their role in litter 

decomposition. 



d) Patuern of succession of bacterial and actinomyce­

tes flora on pine litter and their role in 

decomposition. 

The whole process of decomposition is, however, very 

comp~ex. In field conditions particularly it is very 

difficult and unsafe to pin point the effect of individual 

factors on process of decomposition. Effort has been made 

to correlate the studies conducted in the field and labora­

tory conditions but within the limited period of 

investigation certain aspects could not be understood 

and they need further study. 
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Pinus kesiya Royle exGordon, has been selected 

for the present study beacuse of its wide distribution 

throughout this region and also because it produces more 

litter than do other tree species of the region. Five 

pine plantations ve:1.rying from 9 years to 24 years age were 

selected for the present study. 

~he successiYP colonization of pine needles by 

fungi, bacteria and actin01llycetes in relation to various 

environmental factors has been 'Studied u.nder different 

pine stands. To under~1tand the biology of pine litter 

ceco~1position, soil microflora of pine forest was also 

assessed during the present investigation. The phylloplane 

fungi of pine needles v:ere isolated simultaneously to 

assess their role in litter decomposition. The role of 

certain dominant fungi in pine litter d ecomposi tior_, 

\!";as also estimated unc~ er labor a tory condition. ~he role of 

pine litter amendment on soil microflora and the effect 'of 

litter leachates on the spore germination of certain fun~ 

were investigated. The production of phytotoxins during 

pine litter d.ecomposi tion rras also analysed simultaneoualy. 

Statistically no significant variation ~·las 

observed in the fungal, bacterial and actinomycetes 

population of' the soil of different pine plantations 

studied but a sie;.nificant variation in the microflora \'Jas 

obtained durine different seasons. During the soil 

microbial studies, relationshiJ;S between Co 2 evollltion, 

dehydrogenase activities, total microbial po:pulation and 

other physico cheLical properties of soil Has investigated 



191 
to assess the microbjal activity of the forest soil. 

Statistically no strong correlation was observed between 

de~~drogenase activities and total ~icrobial population 

of the forest soil. vn the other hand a positiv~ 

co:rrelation rms observed betvJeen Co 2 evolution and total 

microbial population of the soi+. The addition of glucose 

as substrate substantially increased the dehydrogenase 

activities of the soil.Jt. sib~ificant correlation yas 

observed bet-v:een dehydrogenase act_L vi ties, soil moisture 

and pH of the forest. Joil moisture content did not 

effect the Co2 evolution from the forest floor. Soil 

nitrogen content did not effect Co 2 evolution, dehydrogenase 

activities and total number of microbes at all. Extreme 

climatics fluctuations on the otherhand did exert 

a sienificant influence on the soil microbial population. 

Regarding the qualitative nature of the soil 

mycoflora much difference was not marked be~wcen different 

plantationa studied. Almost sirnila:r forms of fungi were 

recorded in all the plantRtions. Absidia cyJ.indrospora, 

Pythium sp. and Trichcd erma viride we:re the dominal"!t sot.l. 

f'un~i in all the plantations. r~he m.."!.-1ber of fungal species 

isolated rrom pine soil was not much. This is probably due 

to phytotoxic properties of the forest soil and also due 

to the presence of higher actinomycetes population wh1ch 

inhibited the crowth of fun~i. a remarkable feature of the 

forest soil was the a.bsence of patl~ogenic fungi like 

Fusarium etc.There was a significant seasonaJ effect on the 

prevalence of different fungi in the soil. 

As regard the phylloplane studif's of pine needles 
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tae fungal and yeast population of senescent aeedles was 

higher than the green needles. The population of the 

microfungi and yeast on the needles increased with the age 

of the needles and a~~ained a peak when the needles 

enterted into the litter stage. Before the needles were 

subjected to decomposition they were inhabited by several 

leaf saprophytes. Statistically no significant variation 

was observed in the phylloplane fungal and yeast population 

of different plantations. It has also been observed that the 

microfungal and yeast population of the phylloplane of piRe 

needles at different stages of maturity res,oxded directly 

to the moisture content of the needles. Other environmental 

factors of this region also directly affected the fungal 

population •f pine needles. Number ef fungal species 

increased with the age of the needles and the highest number 

of species isolated vas from the litter stage. Sporobolomyces 

roseus, Penicillium chrysogenum and a sterile white mycelia 

were dominant during the unfolded stage. When the needles 

attained maturity and entered into the senescent stage 
• 

Cladosporium herbarum and sterile white mycelia were the 

dominant forms. Later on when the sene~cent needles entered 

into litter stage Sporobolomyces roseus and Cladosporium 

herbarum outnumbered sterile white mycelia and dominated the 

phylloplane of leaf litter. 

During the field decomposition studies, fungal, 

bacterial and actinomycetes population of decomposing pine 

litter was minimum in the beginning and the population 

gradually increased with the advanced stage of decomposition. 

Moisture content of pine litter governed the variation in 

microbial population. Statistically a significant positive 
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correlation was obtained bet1-reen moisture conten11 and the 

microbial potmlation of the decomposing litter. No sig­

njficnnt variation in the microbial population of 

c_eCOr::lpOSing litter 11"8-S obtained between different 

plantations. On the otherhand population was governed by 

the ffructuation inthe environmental conditions of the 

locality. 

Qualitatively the nur~ber of fungal species iSola-

tl:."d drom the decomposint:•; litter was very lo~g • .Penicillium-

cbrysogenum, Trichoderma viride and sterile white mycelia 

were the dominant fungi. The speci~s of fungi imperfecti 

were over all dominant mycoflora during pine litter 

d ecoirrposi tion. The rate of breakSol\rn. of pine litter was 

positively correlated with evolution of Co2 • Also a 

positive correlation 1-ras obtained between t:q.e Co2 evolution 

and total microbial population of decomposing litter. The 

changes in cellulose and he@icellulose content during 

litter decomposition was almost similar for all the stands. 

The loss of both the constituents followed total weight loss 

very closely. The' lignin content of pine litter WAS degra­

ded at extremely slor ra"te on the forest floor. The soluble 

components of the litter like total sugar and amino racid 

v~ere lost very rapidly than any other components. In the 

laboratory decomposition studies the rate of _;_1ine litter 

decomrosi tion was very high in the sets inoculated with 

Mucor lil.iemalis, Trichoderma viride, Cladosporium herbam 

and mixed inoculum. On the otherhand, overall rate of 

decomposition was slower in the laboratory condition than 

under natural condition. This is accounted due tothe total 

exclusion of litter fauna in the experiment; Several 
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• phytotoxins could be ldentified from the litter during 

various stages of decomposition under natural condition. 

Statistically no significant effect of litter amendment 

on fungal, bacterial and actinomycetes, population was 

observed under net house condition. The prevalence of 

certain fungal species in soil was, however, affected Dy 

pine litter amendment. Statistically, a significant effect 

of litter leachates on the spore germination oT test rungi 

was also recorded. Fusarium sporotrichoides and Verticillium 
I 

sp. were in~ibited in the ~itter leachates throughout the 

course of germination test. 

Lastly it can be concluded that among the !·ungi 

which were involved in pine litter decomposition, many of 

them were i,olated from the phylloplane as well as from the 

forest soil lof ~his region. The distribution of the fungi 

was largely ·affected by several biotic and abiotic factors. 
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